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INTRODt;CTIO.N 
This paper is intended: (1) to give an account of the relative seismicity 
of ,,arious parts of the earth during the limited period for which accurate 
information is available, and (2) to identify and discuss the geographical 
80d geological relationships of the principal zones and areas of seismic 
8ctiYity. 
'.\laps purporting to show the distribution of earthquake epicenters have 
usually been based either on historical data or on the results of instru-
mental seismology, sometimes on both. Such maps, unless studied with 
critical attention, are likely to give a distorted impression of the facts. 
!Iistorical macroseismic data are in general available only for land areas, 
and are much influenced by the present and past state of culture in the 
dist1icts affected. Instrumental determinations require much careful 
sifting, for reasons which will become thoroughly apparent as the discus-
sion proceeds. ~1any recent maps have been based on the epicenters 
published in the International Seismological Summary (Turner, et al., 
1923- 1940) and similar compilations of earlier date, without any attempt 
to discriminate with reference to the accuracy of the determination, the 
magnitude of the shock, and in most cases even the focal depth. Further 
confusion is created by alternative epicenter suggested for poorly recorded 
shocks. Thus, for the earthquake of September 19, 1926, at 2Qh,1 the 
ummary gives the following four alternatives: 42° S. 130° E ., 72° _ . 
2. 0 \Y., 47° ~- 10° E., 59° X 65° E. Probably none of these is correct; 
the shock appears to be a deep-focus earthquake in the South Pacific. 
Xe\'ertheless, these four epicenters appear as separate entries in the 
catalogues based on the Summary, and have appeared separately on maps. 
Instances of this kind are rather frequent, especially when only two alterna-
tires are given. 
There i no doubt that the International Summary is the proper basis 
for all inve tigations of this kind, including the present paper, which could 
hardly have been undertaken without it. The existence of inaccuracies 
in the Summary is no reflection on its very careful compilers but is due to 
a. rariety of causes, among which are: use in earlier years of travel time 
data \\"hich later research has shown to be in need of revision,- such as 
was adopted in the Summary for 1930 and following years; errors of inter-
'Times of shocks given in this paper regularly are Green,.;ch mean civil time (Oh lo 24h beginning at mid-
llight) of occurrence at the seismic origin. The dates correspond to these, and may be one day earlier or one 
day later than the date according lo local time in the country of origin. In a few cases. where this difference 
~likely to cause confusion. the local date has also been given. 
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pretation, clerical errors, and others at the reporting stations · the 0 
rence of small and imperfectly recorded shocks; and occasion~! couf~c~r­
betwecn deep and shallow hocks, with resulting errors in location. sion 
Inferences as to the distribution of earthquakes often have been dr 
from maps ba ed on epicenters in the Summary "·ithout regard to a~11 
magnitude of the individual shocks. This result in apparent concent e 
tion of seismic activity in the vicinity of good stations. Such procedi::-
is particularly misleading in the European area, where there are ma e 
first-class stations, so that comparatively small shocks in Europe fi:~ 
their way into the list of located shocks, while large shocks in remote regio 
may not be located even approximately. Location and listing is pa: 
ticularly incomplete for the southern hemisphere, especially in earlier 
years. 
In the present paper an attempt has been made to eliminate these various 
sources of error. 
MATERIALS USED 
It is necessary first to distinguish deep-focus from normal earthquake . 
The major part of this task has already been accomplished in two previous 
papers (Gutenberg and Richter, 1938; 1939). Additional results are 
given in the next section. 
Normal shocks used have been classified by magnitude, in the sense 
defined by Richter (1935) for the California region and extended by 
Gutenberg and Richter (1936) to apply in general. The magnitude cale 
number is intended to be logarithmic in the maximum amplitude of earth 
motion at a fixed distance. The smallest shocks recorded (only on sensith·e 
instruments at a distance of a fe\Y kilometers) are of magnitude 0; shocks of 
magnitude 3 are usually felt; shocks of magnitude 4t are capable of causing 
slight damage; major earthquakes range from magnitude 7 to magnitude 
St. Increase in the magnitude by half a unit corresponds to multiplica-
tion of the energy released by a factor 10, so that there is a ratio of about 
1017 between the energies released in the largest and the smallest earth-
quakes. 
Magnitudes were originally derived for a limited number of shocks from 
the seismographic amplitudes reported in the individual station bulletins 
(Gutenberg and Richter, 1934, p. 1)8); but on im'estigation it proved 
practicable to estimate magnitudes for the purpose of this paper, from the 
distances out to which the direct waves were recorded, as entered in the 
International Summary. Five arbitrary classes were set u p, which were 
later identified with the corresponding ranges of the magnitude scale as 
follows: 
Class .. .. . .. . a 
Magnitude . . . 7.8-8.5 
b 
7-7.7 
c 
6- 7 
d 
5.3-6 
e 
<5.3 
MATERIALS USED 3 
-:bocks of cla,5ses a and b are recorded at all stations; class c is well re-
~ 
corded up to 90°, class d up to about 45°, and class e in general not beyond 
10°. This classification has been adhered to in mapping and in most of 
the tabulation. Some shocks assigned to class b were later found to haYc 
!ll3gnitudes slightly belO\Y 7. 
Jn making use of the International Seismological Summary, all shocks 
from January 1, 1931 to ~larch 31, 1934 haYe been examined critically. 
for this period most of the epicenters given in the Summary can be ac-
cepted as accmate within 1 degree of arc. A small number of the Sum-
a1ary epicenters, listed as Table 3, ha,-e been altered slightly. Shocks 
of cla s e have been rejected, as \Yell as imperfectly recorded shocks, for 
11bich it \Vas considered that the epicenters might be in error by several 
degrees. These latter shocks are usually qualified as Ycry doubtful in 
the Summary. 
~umerous shocks in areas of special interest have been. elected from the 
International Summary for 1920-1930 inclusive. }lost of the epicenters 
in this period call for significant revision, which has been carried out with 
rouch care. The method used has been described elsewhere (Gutenberg 
and Richter, 1937). The results will be found in Tables 6-20 accompany-
ing the discussion of the seismicity of specific regions. 
The International Summary has also sen·ed as a basis for another tabula-
tion of statistical importance (Table 4). This list contains all shocks of 
magnitude 7 to 7.7 from January 1, 1926 to l\Iarch 31, 193-l. For 1926-
1930 magnitudes were determined by Richter (1936) from amplitudes of 
earth motion as reported in various station bulletins. All origin t imes, 
epicenters and magnitude ha,·e been carefully reYised. ::\ote that 13 
larger shocks occurring in these years are included in Table 5. The follow-
ing shocks mapped as of class b ha,·e magnitudes slightly below 7: 
1931, Jan. 2 ' 9b 19.2° K. 107.0° W. 1931, F•b. 27 I '' 2.3° X. 127 .2° E. 
1931, :Ylarch 19 6 18.0° .:\. 120.4° E. 1931, April 6 6 7 .0° S. 155 .0° E. 
1932, Jan. 24 3 16 .9° S. 168.3° E. 1932, Feb. 16 13 15° S. 180° 
1932, ::--rov. 2 11 22.2° S. 112.2° \\'. 1933, l\Iarch 1719 6.5° X. 127.0°E. 
1~3, ;..Jay 16 l 7° x. 96!0 E. 1933, July 9 12 44.7° x. 150.2° E. 
1933, Sept. 25 18 38.3° X. 6. o E. 1933, Oct. 2 15 2.1° S. 81.2° w. 
1933, Xov. 22 12 5.7° S. 151.8° E. 1933, Dec. 12 14 . 4.3° S. 153.0° E. 
A. previous list of shocks of magnitude 7j to 8! (Gutenberg and Richter, 
1936) has served as a basis for further investigation. It is believed that 
Table 5 contains all very large shallow earthquakes from 1904 to 1940 
inclusive. Epicenters and origin times haYe been re\ised, more recent 
shocks have been added, and a number of shocks which proYed on in-
restigation to have deep focu haw been dropped. 
At present the International Summary is available only to l\'Iarch 31, 
193-l. This renders the inwstigation of later shocks comparatiYely 
laborious, and in a sense premature, as the data of many stations are not 
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generally axailable until printed in the Summary. However, for h k:· 
in area where additional epicenter are important for the geograp: ~ 
survey collated data from individual station bulletips have been USe~ca dete~·mine origin time~ ~nd epicenter~. These .d~te~nations must ~ 
considered only as prelunrnary and ubJect to rev1s10n m the light of rn 
complete data. The results will be found in thB regional tabulati:rr 
(Tables 6-20). In this work the bulletin. of the central office of t~ 
International Seismological Association, the lJ. S. Coast and Geode/ 
Survey, the Jesuit Seismological Association, and other publications gh;~c 
collated data and determinations of epicenter have been of great aid. g 
Finally, in the geographical discussion, a limited use has been made of 
macroseismic and historical data. Sieberg (1932a) has been consulted 
throughout. Isobaths on the regional map and terminology of oceano-
graphic features are based on Yaughan, et al. (19-10). 
DEEP-FOCl.:S EA.RTHQt:AKES 
This section revises and extends the results reported by Gutenberg and 
Richter in two previous papers (1938; 1939), to which the reader is referred 
for sources of the material used and for discussion of methods. In addi-
tion, recent deep shocks in the Japanese area have been checked against 
a list by Wadati (1939) for the years 193-1- 1938. 
The following corrections apply to our earlier papers: 
Shock Xo. 105, 1933 October 'n, not October 17; Xo. S 10, origin time 04:55:17; 
not 04:55:32. 
Shock 21 a of the 1939 paper is identical with X o. 21 of the 1938 paper. 
Shock S 31, 1931 Feb. 23, should be deleted. It is probably a very deep shock 
near 50° Xorth 150° East close to Xo. 221. · 
~ew determinations of deep-focus earthquakes are given in Table 1 
and 2. AJl epicenters of deep-focus shock now known to the authors 
are plotted in Figure 1.2 They are also plotted, together with normal 
shocks, on the regional maps (Figs. 3- 1-l). 
The general characteristics of the distribution of deep shocks are as 
described in earlier papers. A few individual ~hocks call for special 
comment. 
Xo. 3 pis in a new location near Barbados. 
Xo. 1 ~I is the first shock with depth in excess of 300 kilometers to be located in 
the Xew Hebrides area. 
X os. 133 g and 133 i constitute an important southern extension of the line of inter-
mediate shocks on Luzon. 
' '.\IaJJ6 used in this paper were drafted by Mr. John '.\! . :-lordquist. The world maps, Figures I and 2, are 
o! bis own design. The purpose was to oonstruct a map which would present all the principal seismic.,_ 
and belts v.;thout excessive distortion or interruption. These v.·orld majl6 are not on any projection in the 
restricted sense; the meridians are drawn as circles, and divided proportionately into arcs throu1h the ends o! 
which the parallels are drawn. 
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TABLE 1.-Dala for deep-focus earthquakes 
First three capital letters refer, in order, to quality of determination of epice 
origin time, und depth-(A) very accurate: (B) good ; (C) fair: (D) poor. Snter, 
letter refers to comparison with International Seismological Summary (l.S.;;all 
(a) at least approximate agreement with the Summary as to epicenter and de ·t;; 
(b) I.S.S. gives shock as normal, with epicenter within 4°; (c) l.S.S. gives shoe~ ' 
normal, epicenter more than 4° distant; (d) J.S.S. gives the shock significantly deelle 114 
epicenter in. the same area; (h ) I.S.S. not av~i lable; (k) '.Yadati gives approximatet'. 
the same epicenter and depth ; (n) Berl age gives approximately same epicenter an~ 
depth. 
Ko. D ate I Time I Latitude, I Longitude, I Depth, br.:mm.:sec. degrees degrees km. 
?IIEXICO, C ENTRAL A:uERIC.01, CARIBBEAN REGIOX 
-Ob 1933, Oct. 10 13:34:52 19 x. 102 w. 110 BBBb 
O e 192 , Feb. 10 04:38:35 19 X. 97! w. 100 BCBb 
Oh 1939, :'.\lay 23 02: 49: 43 1 x. 101 \V. 90 BCBh 
1 c 1932, :'.\1ay 22 22:40:02 I4t X . 90W. 80 BCBb 
Im 1934, Feb. 24 05:33:30 12t X. 86i W. 200 AB Ba 
3c 1931, :'.\larch 7 00:41 :56 II! X. 85! w. 80 ACBb 
3e 1931, Dec. 20 14:59:42 II X. 
I 
84! w. 2SO BC Ca 
3m 1933, July 21 
I 
07:29:05 19 x . 68! W. 100 BCCb 
3p 1940, July 6 03:40:24 13! x. 60W. 160 CCBh 
SOUTH AMERICA, b;TER:UEDB.TE SHOCKS 
0 1926, :'.\larch 7 20:33:3 5 s. 76! w. 150 CC Cb 
Sp 1933, Oct. 1 02:40:42 7 s. 75t W. 120 AAAb 
9 b 1937, June 21 15: 13:04 t S. 80 w. 60 AB Ah 
9 d 1931, July 11 05:56:13 ! S. 74! w. 120 AB Cb 
9 r 1933, Aug. 6 02:54:52 II S. 75! w. 100 BC Cb 
10 r 1937, Oct. 15 03:41 : 15 13t S. 77 \V. 90 CCAh 
11 b 1933, Aug. 9 23:02:45 15! s. 6 t \V. 170 BBBa 
11 c 1940, Dec. 22 1 :59:46 15! S. 68! w. 230 BBAh 
11 t 1933, July 31 15:23:07 15! S. 75! w. 80 BBBb 
11 w 1933, July 23 04:13:11 lat S. 75t w. 80 ABBb 
12 s 1939, :'.\lay 19 1 :25:35 18 s. 69 W. 100 BC Ah 
13 d 1932, :'.\lay 30 00:22:45 19 S. 69 w. 160 BBBb 
13 f 193 , April 17 14 :39 :38 19 S. 69! w. 60 BBBh 
13 m 1933, Sept. 14 07:59:24 19 s. 70! W. 100 BCBb 
13 t 1932, June 18 00: 13:39 20 S. 71 W. 70 BCBb 
13 v 1931, l\Iay 28 03: 15:04 20! S. 70t \\'. 120 CCBc1 
15 d 1939, July 4 l :26:12 21 S. 66 W. 290 BBAh 
16 c 1939, :\lay 13 00:-13:35 22 S. 66 w. 210 CCCh 
16 e 1933, Xov. 3 04: 14:43 22 S. 70! w. 70 CCBb 
16 g 1933, Oct. 10 03:34: 12 22! s. 69! \V. 110 BBBb 
16 x 1932, Feb. 27 0 :49:40 2'.?t S. 70 W. 120 BCBb 
16 y 1937, Sept. 24 19:09:52 22! S. 70 w. 130 BCBh 
18 d 1933, Oct. 12 07: 12:50 23 s. 69! W. 100 BC Be 
18 p 1934, :'.\larch 24 22:52:46 23 S. 66 W. 270 BC Cb 
1 Pasadena has P at3:26: II , pP - P = 30seconds, sP - P = 46seconds. 
r;o. 
19 d 
Z3 e 
Z3 g 
2il h 
23 k 
23 I 
23 n 
23 p 
23 q 
23 Q 
23 t 
2-1 b 
24 p 
25 m 
36 h 
36 p 
41 c 
41 g 
41 h 
41 0 
41 p 
41 t 
41 IV 
42 a 
Hi 
Ho 
50 d 
51 a 
54m 
55 a 
55 c 
58 d 
59 m 
DEEP-FOCUS EARTHQUAKES 
TABLE 1.-Continued 
Date 
SOUTH AMERICA, I NTERMEDIATE SHOCKS 
1938, April 24 14:10:58 23! S. 66 w. 
1936, July 13 11:12:15 24! S. 70 \V. 
1932, April 26 07:54:48 25 s. 69! W. 
1937, Oct. 12 12:50:55 25 S. 68! \\7• 
1931, April 3 05:19:06 27 S. 65W. 
1932, June 9 06 :30 :43 27! S . 70! w. 
1934, :\farch 31 03:13:00 28! S. 72 w. 
1939, Jan. 18 01:44:18 29!- S. 71 w. 
1938, J an. 9 20:26:00 30! s. 69 w. 
1938, June 23 01 :03:58 30! S. 70 W. 
1933, Dec. 21 04:31:55 31 s. 69 w. 
1931, Aug. 17 05:05:25 32! s. 69! w. 
1937, Oct. 27 00:21:20 34! S. 71 w. 
1937, D ec. 24 03:23:38 37 s. 72 \V. 
SOUTH AMERICA, VERY DEEP SHOCKS 
1940, Sept. 23 07:15:10 
I 
23 S. 
I 
64 w. 
1939, Jan. 24 19:48:53 26! S. 63\V. 
::\EW ZEALAND 
1931, Sept. 21 13:34:25 I 37! s. 1178 E . 1939, i\Iay 14 18: 12:24 36! s. 179 E. 
Depth, 
km. 
180 
60 
70 
110 
180 
80 
60 
70 
120 
70 
120 
120 
110 
70 
550 
580 
80 
80 
J{ERMADEC-SA:\IOA REGIO:-<, lXTERMEDIATE SHOCKS 
1933, May 21 08: 13:42 35 S. 180 100 
1933, Xov. 7 12:08:17 30 S. 177 w. 80 
1932, Oct. 20 17:36 :43 30 s. 179 W. 70 
1933, June 11 13:09:12 22 S. 176 w. 80 
1934, Feb. 9 22:32:13 20! s. 176! w. 230 
1932, June 16 23:13 :05 20 s. 176 \V. 200 
1939, Oct. 30 13: 12:36 16 S. 174 w. 150 
1939, June 8 20:46:53 15!- s. 174 w. 100 
KER'll.o\.DEC-FIJI REGION, VERY DEEP S HOCKS 
1931, :\lay 15 07:41 :58 29 S. 180 500 
1940, Aug. 1 12:39:38 26 S. 180 500 
1939, May 21 20:21:53 22!- s. 179 w. 600 
1939, July 5 22:41:04 22 s. 180 650 
1939, July 20 02:23:00 22 S. 179! w. 650 
1939, ::\ov. 17 18:39:30 21! s. 178 w. 600 
1934, Jan. 18 03:21:05 21 S. 179 W. 580 
7 
Note 
BC Ch 
ABAh 
ABBh 
AB Ah 
ABBh 
BCBb 
BCAb 
BB Ah 
CCBh 
CB Ah 
BBBb 
BCBb 
BC Ah 
BCBh 
BBBh 
BBAh 
BCBb 
BCBh 
CCCb 
CCBb 
CCBb 
CCBb 
BC Ba 
CCBc 
BC Ah 
AAAh 
CC Cc 
BBAh 
B C Ah 
CBBh 
CC Ch 
BBBh 
CCC a 
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TABLE 1.-Continued 
Ko. Date Time I Lat itude, I Longitude. Depth, hr.:min.:sec. degrees degre<:S km. 
LOYALTY lsLAXDS TO XEw GmNEA 
67 g 1931, Oct. 23 11:-!5:29 20 S. 170 E. 80 
67 n Hl33, July 14 01 :3 : I-! 2(µ, S. 169~ E. 110 
67 0 l!l33, Dec. l 10:26:26 20! S. 169 E. 140 
67 r 1939, April 5 16:-!2:-!0 19} s. 168 E. 70 
67 t 1939, Aug. 27 11: I :00 19 S. 170 E. 200 
72 <l 1932, July ~I 12:56:10 1-1! s. 167t E. 120 
72 p 1933, July 30 17: 15:31 15 S. 167 E. 160 
75 d 19-!0, Feb. 20 02: 1 :20 13! S. 167 E. 200 
75 m 1933, Sept. 9 21 :20:00 13 S. 166! E . 130 
76 h 1933, Feb. 19 0 :34:39 11 S. 163 E. 60 
76 g 1932, Oct. 17 13:25:31 7! S. 157 E. 100 
76 .n 1932, March 8 03: 11 :09 6 S. 154 E. 70 
76 :'\ 1934, Feb. 27 21:29:35 6 s. 154 E. 180 
76 0 1932, July 14 0 :53:2 3! S. 154 E. 150 
76 t 1932, April 12 23:52:40 4 S. 152 E. 100 
78 a 1939, J an. 30 23:50:24 5! S. 1-17 E. 200 
79 c 1931, June 17 17:02:00 
I 
6! S. l·ifi! E. 140 
79 p Hl33, J une 4 13:40: 17 5 S . 146 E. • 120 
KEW HEBRIDES, DEEP SHOCK& 
81 :\1 j 1938, ·ov. 18 j 14 :12:35 I. 13 S. 1 168 E. 360 
StmDA l SLAl\"DS, I NTERMEDIATE SHOCKS 
86 t 1933, May 21 11:51 :2 3! S. 130! E. 
I. 
120 
92 h 1931 , June 4 09 :50:18 6! S. 129 E. 150 
96 <l 1!)31, April 2 12:22:56 6 S. 126! E. 130 
97 m 1932, :\1ay 17 12:56:30 8! S. 115 E. 80 
97 g 1931, April 2-! 05 :-17:00 10 S. 112 E. 100 
99 b 1933, J uly 13 14 :23:25 7t S. 106! E. 70 
99 c 1931, K ov. 23 13 :35:47 5 S. 106 E . 1-IO 
102 a 1931, Jan. 20 15:26:32 -IX. 99 E. 150 
JAVA SEA A!l."D FLORES SEA, DEEP SHOCKS 
lO!l d I 1933, Aug. 25 I 09:26:05 I 6 S. i 121 E. 720 
BCBb 
CDDdt 
BCBd 
AA Ah 
CC Ch 
ABBb 
CC Ba 
AAA.h 
AB Ba 
BC Ab 
BCBb 
BCBb 
ABAb 
BCBbi 
BCBb 
BCBh 
BBBb 
BBBb 
BCBh 
CC Cb 
BCCb 
CC Cb 
BCBb 
CC Cb 
BBBb 
BCAb' 
BCCb 
CCC en 
CELEBE'> AXD MIND.~i'iAO, SHOCKS \\"ITH DEPTHS BET\\"ESX 100 Kl!. AXD 400 IUI. 
118 d 1939, Dec. 21 21 :00 :-10 0 I 123 E. 150 AB Ch II f 1940, June 22 11 :36:-!6 0 122! E. 200 BBCh 
118 g 1932, May 4 05:05:08 ! X. 122 E. 200 BC Cb 
119 d 1D32, May 12 06:08:05 t x . 126 E. 170 BBBb 
120 m 1939, JunC' I~ 20:39:55 f x. 125t E. 150 BBChn 
• May be two shocks about 30 seconds aJ)3rt with later origin time nnd larger depth. but in same region. 
•Pasadena has pP39seconds and sP 52sooondsafter P. 
'Pasadena hasp• at 13: 54:46 and pP' 37 seconds lat<!r. 
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TABLE !.- Continued 
;\o. Date Ti.me I Latitude, hr. :mm. :.ec. degrees Longitude, I Depth, I Kote degrees km. 
('ELEBI:S AXD ::\IJXDAXAO, SHOCKS WITH DEPTHS BETWEEX 100 K~I. AND-!()() KM. 
- Continued 
1:?5 d 1932, June 6 06:26:21 2 X. 122! E. 280 CCC a 
)27 d Hl32, July 9 20:23:5-1 5t X. 126! E. 120 BCBb 
1:?i m 1932, June 10 20:21:20 5! X. 127 E. 80 ABBb 
12' <l 1933, Sept. 7 17:53:3S 6~ X. 126 E. 150 BCCb 
12' g 1933, ept. 2 00:27: 58 i >.. 127 E. 100 CC Cb 
J2'- m 1932, June l.J :5-l: 3S X. 126 E. 100 BBBb 
CELEBE TO :.'IIJXDAX.\O, , .ERY DEEP SHOCKS 
131 h 19-10, June 18 13 :52 :33 5! x. 123! E. 570 
I 
BBBh 
132 h Hl-!O, Sept. 22 22:51:56 x. 12-1 E. 680 BBBh 
1:3:? p 19-11, Feb. 4 1-1:03: 12 9 x. 124 E. 600 BBBh 
I 
Lt;ZOX TO KIUSHIU 
13.'3 g 1933, Sept. 20 23:33 :40 13 x. 121 E. 100 BBBb 
133 i 1932, July 1 05:02:05 1-1 K. 120 E. 100 BCCb 
133 k Hl-10, :\larch 28 15:.J :52 l .J.!X. 120 E. 200 AB Ah 
135 x 1932, June 1-1 05:59:38 1 ix. 120t E . 80 ABBb 
136 g 1932, Oct. 9 12:-19:49 23! x. 122! E. 130 BB Cb 
136 k l!J33. Feb. 19 0-1:26: 11 25 x. 123 E. 120 AB Cb 
13::i p 1911, June 15 14:26:00 29 X. 129 E. 160 BCCh 
:.'IL~RIAxxE l sLAXD::.-J.\PAx-I\:.u1c HATKA, IxTER1lEDJATE HOCKS 
W p 
I 
1931, X ov. 3 02:35:55 17 X. 1-17 E. 100 CC Cb 
I.JI x 1933, X ov. 7 06:39 :58 1 X. 146 E. 70 CCBb 
1-12 d 1930, J a n. 26 12:20:30 1 ! x. l-16t E . 190 B CBb• 
1-13 m 1932, J an. 5 11 :22:25 20 x. 148 E. 130 CC Cb 
IH t 1931, July 2 03:38:50 2-1 X . 142t E . 120 BC Cb 
I.Ji d 1923, Sept. 17 03:39:32 31 x. 140 E. 150 CCCb 
1-17 m 1926, Sept. 26 01 :00:39 32 x. 1-10 E. 200 CC Cb 
1-17 \\" 1933, Xov. 19 01 :33:39 32! X. 139 E . 230 AA Bak 
1-!S d 1938, Jan. 11 15: 12:00 33 K. 135} E. 70 ABBh 
1-k m 1933, Sept. 15 13:53:-15 33 x. 14l t E. 120 AA Ba 
150 g 1933, Sept. 6 14:05:20 3-ltX. 1371 E. 280 AABak 
150 n 193-1,. Feb. 1 00:15:59 35t x. 139t E. 90 AAAhk 
151 q 1931. :\lay 25 06:-1 :55 38! x. 141 E. 100 AABb 
151 u 1933. July 20 23:14:05 38! x. 144! E. 100 AAA.a 
133 d 193-1, Oct. 29 17:23:0-1 -!2 X. 141 E. 100 BCBhk 
153 m 1931, Jan. 6 03:22:46 42l x. l-12i E. 100 AABbk 
156 g 1931, Jan. 21 0 :5 :0-1 -13! X. 1-16 E. 120 ABBbk 
15~ k 1933. Aug. 28 0 :-17: -12 44 x. 1-17! E. 130 BCBb 
161 d 1938 .. \ug. 17 01 :-!5:35 45 X. 1.J E. 100 BCChk 
162 d 1936. ~ O\". 12 20:().!:-!6 -16 X. 1-18 E. 150 BBBhk 
'P:i.saden:i hos iP at 12:32:43 and pP 4S seconds later. 
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TABLE I-Continued 
:-lo. Date 
162 h 1933, Feb. 3 22:11:50 46 x . 151! E. 70 AB Ab 
163 m 1932, April 26 13:31:39 ·17! X. 154 E . 
I 
150 CCCc• 
168 g 1939, Aug. 1 15:55:59 50! x. I 156 E. 140 BBAb 170 b 1932, Aug. 4 I 06:37:27 5.3 X. 160 E. 100 CBBb1 
-ALEUTIAX lsLANDs-AL . .\SKA, lxTER:UEDIATE SHOCKS 
170 e 1933, Sept. 24 
I 
15:19:41 
I 
51~ ~- 1 177 W: 70 AAAb 
170 k 1931, Dec. 24 03:40:40 60 x. 152 W. 100 BB Ab• 
l\lAR.u..xxE lsL . .\NDs-1\lANcH-cRIA-KA:ucHATKA, DEEP SHOCKS 
174 a 1923, June 29 10:47:38 27 x. HOE. 400 CCCah 
174 b 1923, June 29 10:53:20 27 X. HOE. 400 CCCah 
174 c 1940, ?\larch 9 10:47:04 27 x. HOE. 500 BCAb 
181 k 1933, July 11 0 :2 :07 29 x. 139 E. 400 CCC a 
1 l p 1933, July 31 02:56:20 29 x. Hl E. •400 CCCb 
185 a 1930, J an. 11 21; 21 :00 30 x. 139 E. 500 CC Cb• 
185 d 1932, Oct. 6 05:00:53 30 x. 138 E. 500 CCCb10 
187 a 1927, June l 02:26:23 32 X. 139 E. 400 CCC a 
188 a 1927, Aug. 20 22:12:36 33 x. 138 E. 350 CCC bk 
191 d 1933, Sept. 20 03:56:35 34 X. 136! E. 380 A AB a 
197 m 1935, Oct . 15 14:35:09 3i! X. 135 E . 330 AABbk 
200 a 1933, J uly 24 08:37:57 -12~ x. 131 E. 550 AAA a 
206 p 1940, July 10 05:-19:55 -I-IX. 131 E. 580 BBAh 
206 x 1933, .\lay 22 15:29:08 43 x. 136j E. 350 BCCb 
223 n 1940, .\lay 19 15: 17: 55 51 x. 149 E. 580 AB Ab 
223 p 1932, Xov. 6 12:-17:53 51 x. 150 E. 520 BCCc11 
224 p 1931, Aug. 2 23:29:45 I 51! x. 151! E. 400 BCCc11 
HntAL\Y.\ , IxTER)lEDIATE SHOCK 
229 p 1937, x ov. 15 I 21:37 :34 35 x. I 78 E. 100 I ACCh 
•Pasadena Pat 05:41:52, pP or aP about 48 seconds later. 
7 At Sverdlovsk, Pis reported as of a separate preceding shock; the follo"ing impulse, 23 seoonds later, 
is reported as P of this shock, but is probably pP. Frunse and Yalta report the true P, whereas si>: oUier 
stations in azimuths 290° to 343° at distances oYer 59° apparently have records beginning with pP, about 20 
seconds after P. Pasadena has sharp P and much smaller pP 21 seconds later. All stations in uimuthl 
(}-270° report P. 
•Pasadena has Pat 03:47:17, pP 21 seconds lat.er. 
•Added: data reported by Almata. Andijan, Samarkand. 
'° Added: P at Pasadena 05: 12:33, at Tinemaha 05: 12:25. 
11 Pasadena has Pat 12:57:47 and pP 1m 451 later. 
"!.S.S. gives one epicenter for the near-by stations and another for the distant stations, both normal. 
Pasadena has pP - P of 82 seconds; no surface waves. 
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TABLE I- Concluded 
:\o. D ate Time Latitude, Longitude, Depth, Note hr.:m.in.:sec. degrees degree.. km. 
Hemu KusH 
231 d 1909, July 7 21 :37 :50 36t x. 70! E. 230 CC Ch 
243 p 1931, Jan. 7 03:49:42 36! x. 71 E. 200 CCCb 
Z-15 m 1931, Sept. 14 03:32: 16 36t x. 70t E. 220 ABBb 
246 d 1932, Feb. 9 02: 10 :44 36! x. 70t E. 220 CC Cb 
2-16 h 1932, April 30 10:52:41 36? X. 70! E. 250 ABBb 
2-li m 1933, :\lay 21 17:53:43 36t x. 70! E. 220 CC Cb 
2.Ji t 1933, July 25 13:38:23 39 X. 72 E. 250 BCCb 
250 k 1939, Xov. 21 11:01:50 36t x. 70! E. 220 AAAh 
250 m 1940, Sept. 21 13:49:03 36! x. 70! E. 230 BBBh 
OCTREASTERX EUROPE 
251 m 1941, Jan. 20 03:37:07 35 K. 34 E. 100 BBBh 
252 q 1934, ::O.fareh 29 20:06:51 45i x. 26! E. 150 ABBh 
252 r 1939, ept. 5 06:02:02 .J5i x. 26! E. 150 BBBh 
252 s 1940, Oct. 22 06:37:00 45i x. 26! E. 150 AAAh 
252 l 1940, Xov. 10 01 :39:10 45! X. 26! E. 150 AAAh 
Soi::TH ATLAXTIC 
254 d 
I 
1937, Sept. 8 00:-10:01 I 57 I 
27 W. 130 
I 
BBBh 
256 a 1932, Feb. 23 00: 13:5-l 60 12! w. 150 BC Cb 
.:\o. 138 p was originally in the list of great shocks, presumed to be at normal depth. 
A note by ::0.1r. H. 0. Wood in the Bulletin of the Berkeley station for 1911 , referring 
to peculiarities in the seismogram, suggested that the shock was deep. Inspection 
of the original Berkeley seismograms, kindly lent by Professor Byerly, showed very 
small surface waves and a pP-P interval of 40 seconds. 
Intermediate shocks in the Hindu Kush region have continued, the most recent 
J3rge s hock of the series having occurred on cptcmber 21 , 1940. The total number 
of known shocks from ptactically the same epicenter and depth in the last 20 years 
i:. at least 40. 
X o. 251 m was destructive on Cyprus. 
X o. 252 t was very destrucliYe in Roumania . 
.:\o. 256 a is a new epicenter in the South Atlantic, lying well to the east of the 
acti\·e structure loop of the southern Antilles. 
X o. S 14 i, north of the Fiji Islands, falls in an otherwise large gap in the line of 
epicenters. Owing to the early date of this shock, the location and determination 
of depth are not precise. 
Xo. S JO m, on the south isl and of Xew Zealand, is well established from both 
marroseismic and microseismic data. The location on that side of the island remote 
from the Pacific is important. 
Xo. S 5 mis reasonably well located. about midway between the Galapagos Islands 
and the coast of South America. It is most probably at intermediate depth, although 
the data for determining this depth are not as atisfactory as those for the epicenter; 
12 SEIS:\IICITY OF THE EARTH 
however, any depth from normal depth to 150 km . is consistent with the observati 
The shock is not small, and the epicenter is an important one whether the foe~~· 
deep or not. 18 
In classifying shocks by depth, we haYe retained our previous groupin . 
shallow shocks, ";th depths definitely le than 60 km.; intermedia~~ 
TABLE 2.-List of shocks found lo be normal or ~lightly deeper 
(Letter references are the same as in Table 1) 
N'o. Date Time Latitude. I Longitude, , Depth, hr.:min.:8ee. degree& degrees km. '.llote 
-s 2p 1931, Feb. 7 03:30:35 13 X. <;,7 \\" . 100? CC Cb 
s 4m 1933, Feb. 1 19 :-l.) >13 16! x. 6 \\". 80 BCBb• 
s 5m 1935, Xov. 23 07:52:30 t X. 5~ \\". 70 BBCh 
s m 1932, June 11 13:11:32 35 S. 7l \\'. 80 BCCb 
s 10 d 1926, Oct. 3 !!):38:01 -19 S. 1 161 E. 100 DC Cb 
S 10 m l!l3~. Dec. 16 17:21:25 -15 S. 167 E. 70 
.\B..\h 
s 1-1 b 1932, Dec. 3 06: 1!):52 15 6. 1 172! \\". 70 CC Cb 
s 14 d HJ31, J uly 20 o, :30:30 1-1 ~- 173 \r. 70 DCBb 
S H i 1923. July 12 03:15:-!5 1-1! ;:;. 180 70 CC Cb 
S 1-1 m 192::,, :\larch 16 05:01 :02 22 s. 170~ E. 80 ABBb 
s 14 p l!l32. Feb. 23 20: 11 :30 10 S. 162 E. '80 BCCb 
S 14 r 1933. XO\'. 1 03:5-!:00 7 S. 15-!t E. 60 BCBb 
s 21 h 193-1, Feb. 1-! 01:21:13 6 S. 122} E. 80 ACBb 
s 21 p l\l3-!, J an. l 06: 16:-IO 8 S. 122 E. 70 BC Cb 
s 23 d 1932, April 22 0-1:58:0 .it S. 103 E . 60 BCBb 
s 23 h 1933, June 21 13:41:12 4 S. 102 E. 70 BBB ho 
S2 p 1932, Feb. 13 19:12:30 13} x. 146 E. 90 CC Cb 
s 29 g 1933, Jan. 4 01 :25:01 26 x. lH E. 70 ACBb 
s 29 k 1933, June 6 06:H:50 27 x . H3! E. . 70 BCCb 
S 29 n 1933, Aug. 15 02:57:59 29 x. 143! E. 70 ABBb 
s 29 t 1932, :\[a_\· 11 06:53:35 33 x. 112 E. 60 BCCb 
s 29 x 1933, June 18 13:11:25 30 X. 1-12 E. 80 BC Cb 
s 31 t 1939, ept. 14 09:01 :06 12 :\". 95 E. 100 CB Ch 
S 35 m 1930, April 21 11:50:56 56! S. 26 \\' . 100 BBBb 
• Huancayo has Pat 19:51:53. 
shocks, with depths from 60 to 300 km.; deep shocks, at depths greater 
than 300 km. below the surface. The latter limit appears to be fairly 
definite. Howe,·er, it is often difficult to di tinguish intermediate from 
shallo,\· shocks; this is partly due to difficulty in fixing the depth pre-
cisely, but partly due to uncertainty as to where the natural boundary 
should be drawn, or whether it may not differ in different regions. 
SIIALLOW EARTHQU.\KES: STATISTICAL .\lATERIAL 
For a di cussion of the relatiYe seismicity of ,·arious parts of the earth, 
there are arnilable the lists already referred to (Table!' 3, 4, and 5) together 
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TABLE 3.-Rcvised epicenters of earthquakes 
January 1931-::\larch 193-1 with depths of less than 60 km. See text for "quality"' 
,nd ·'class." 
Day 
1~131 
Frh. 10 
2-1 
:\I:irch 11 
. .\pri l 16 
2-1 
:\[;ly 10 
June 0 
July 7 
::3cpt. 15 
_\o\·. 2 
26 
Drr. 7 
25 
!93'.! 
Jan. 17 
18 
22 
f("b. 16 
17 
21 
:\larch 5 
15 
23 
27 
2 
.-\pri l 29 
:\fay 6 
31 
June 6 
1-1 
July 11 
.\ug. 2 
i'cpt. 9 
Ort. 3 
:\ov. 27 
Dec. 16 
1933 
Jun. 17 
18 
27 
Time 
01 :22:5-1 
17 :28:24 
05:58:51 
21:35 :00 
02:15:10 
19 :2-1:45 
12 : 1-1:11 
13:52: l'.! 
03:54: 12 
21:08:50 
00:32: 11 
2 shocks 
18:51:57 
03:04:2-1 
07:-15:05 
13: 12:3:3 
00:-1 :56± 
13:48:50 
16:06:57 
13:20:57 
0!:40:5-1 
0-1:32:1-1 
07 :44:3-1 
12:08:02 
Ot>:.!-1:-10 
00:35:3-1 
17:30:-!5 
05:35:04 
0 :37 :2-1 
11:-19:56 
11:20:15 
08:21:31 
04:25:3-1 
06:-!6:25 
04:37 :-10 
03:37:28 
07: 1-1:2-1 
15:59:56 
18:47: -17 
08:37:-15 
22:36:35 
Latitude, 
degrees 
25.5 X. 
0.5 S. 
7 S. 
S. 
3 s. 
25 S. 
50~ X. 
l-1 S. 
1-1 x. 
-15 S. 
16 x. 
61 S. 
59 S. 
52 S. 
12 s. 
45 x. 
33 X. 
15 S. 
12 x. 
-lX. 
36i s. 
11 X. 
-11 x. 
37 S. 
24! x. 
8 s. 
7 x. 
0 
7 X. 
19.6 x . 
1 X. 
12~ x. 
2.0 x. 
1~ S. 
1 S. 
29t x . 
7 x. 
40 x. 
3-1! S. 
32 S. 
16 S. 
kngitudc, 
degrees 
!l6 E. 
117 E. 
131 E. 
15Q E. 
103 \\" . 
116 \\". 
159 E. 
I 7-1 \\". 
!16 \\". 
16 E . 
96~ \\'. 
150 E. 
1-1 E. 
1-11 E. 
160.0 E. 
32 .0 \\" . 
-17 E. 
180 
73! \\". 
63 E . 
178 E . 
1-1-1~ E. 
-15 E . 
!J9 \Y. 
02 E . 
9? E. 
127 E. 
12-1 E. 
38\\". 
76 .5 \Y. 
120 E. 
12-1! E. 
126.0 E. 
12S! E. 
91 \\". 
1-13 E. 
127 E. 
!J7 E. 
59 £. 
19 W . 
172\\". 
Quality 
B 
c 
c 
c 
c 
B 
c 
B 
c 
B 
_.\ 
c 
c 
B 
c 
c 
c 
A 
A 
c 
c 
A 
B 
c 
B 
c 
c 
c 
B 
B 
B 
B 
A 
B 
c 
B 
B 
c 
c 
c 
B 
Class 
<l 
d 
d 
d 
d 
c 
c 
c 
(' 
d 
c 
d 
d 
c 
c 
d 
d 
b 
d 
d 
d 
(' 
d 
c 
d 
c 
c 
d 
d 
c 
(' 
c 
c 
d 
d 
d 
c 
d 
c 
(' 
(' 
14 SEISl.UCITY OF THE EARTH 
T.>.BLE 3-Continued 
Day Time Latitude, degrees 
Longitude, 
degrees Quality ca... 
1933 
---Feb. 16 09 :08 :12 2~ x. 126 E. A c 
20 11 :01 :19 5! x. 16.J. E. B d 
22 03 :48:10 5t x. 125 E. c d 
'27 16:10:02 57! s. 1-15 E. c d 
2 22:19:29 51 X. 30 \L c d 
:\larch 5 08:19:5.J. 1 s. 12 t I::. c c 
6 13:05:35 26 x. 90! E. B d 
01:35:42 .J.O X. I.J.3 E. B c 
12 O.J.:25:52 16 x. 6 ! W. c d 
23 17:38:20 .J.n X. 10.J. E. c d 
April 1 0 :07:35 6 x. 127 E . c d 
.J. 12:09:38 17! X . 60! \\'. c d 
16 06:00:03 33 s. i7 w. c d 
25 22 :37:5.J. 71 x. l!J W. c d 
~lay 5 O.J.:l.J.:11 .J.9 x. 129 \Y. B d 
16 01 :12:28 7 x. 96! E. A c 
20 O.J.:38:2.J. 20 S. 17.J.! \\'. B c 
30 11 :43:36 x. S3 w. B d 
June l 17:19:57 .J.! x. 9.J.t E . c d 
2 12:20:56 1 s. 13-l E . c d 
6 02:28:22 1-l x. 121 E. A c 
10 11 :26:59 17t X. S6t \\'. A d 
1 03:53:58 15! s. 172 \\". c c 
2! 13:53:00 -l x. 126 E. c d 
July 3 15:09:05 19t x. 06~ E. c d 
1 19:05:2-l 12 x. 139 E. B c 
26 04:57 :28 63 .2 x. l.J.7.3\\'. c d 
Aug. 20 22:59:22 13 S. so \\' . c d 
26 01:30:29 2 x. 131 E . c d 
28 22:19:40 59t 25 \\". B b 
Sept. 6 01:15:46 58 s. 1-±6 E . c c 
12 12:53:33 x. -l9 \\". c d 
15 16: 19 :50 2 ! x. 131 E. B d 
19 23:39:32 60 x. 138 \\'. c c 
22 11 :37 :36 16! S. li-l!E. A c 
25 13:45:-15 6 x. 126 E. B c 
'27 22: 40:42 2.J. s 111 \\' . c d 
Oct. 1 l.J.:35:00 35 X. l.J.2 E . c d 
2 13:59:06 10 s. 166 E. c c 
22 11:53:48 51 x. 156 E . B d 
26 12:07:02 60 S. 60 \\'. B c 
30 06:59:51 16! S. 167! E. B c 
Xov. -l 08:-11:17 t x. 72 w. B c 
5 2 shocks 2 S. so\\'. c d 
l!J 03:11 :20 16! "· 167! E . B c 
09 :08:29 25 x. 98 E. c d 
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TABLE 3-Concluded 
Day Time Latitude, I Longitude, Quality Class degrees degrees 
1933 
Dec. 2 05: 17: 1 52 S. 161 E. c c 
20:05:09 51 S. 50 \Y. c c 
9 . 07:52:21 36! x. 69! E. B d 
24 10:46:01 1 S. 150 E. 
I 
c c 
193~ 
Jan. 16 04:59:27 '27 x. 8-1 E. c d 
20 17:56:0 41 x. 10 E. 
I 
B c 
29 12:34:43 
I 
37! X. 14.J.t E. .\ d 
Feb. 12 11:30:47 19 211. 101 E. B c 
20 03:18:50 4 S. 105 \\'. c d 
:,\larch 4 11:17:30 55 :'\. 164 E. B c 
8 02:56:53 34 x. 26t E. B d 
23:02:20 
I 
2g S. 68! E. c d 
9 14:02:23 65 x. 173 E. c d 
21 03:39:50 35 x . 139! E. B d 
with the International Seismological Summary. It must be emphasized 
at once that the period of 36 years represented by Table 5 is extremely 
short from the geological point of •iew. In Table 3 the class designations 
are the same as those already given. 
All shocks in Table 4 are of class b; those in Table 5 are of class a. In 
the;;e tables, and throughout the paper, the letter given under "Quality" 
ha.-; the following meaning: 
A epicenter probably located "·ithin 1 degree of arc. 
B within 2 degrees. 
C within .3 degrees. 
In general, shocks ,.-hich it did not appear possible to locate within 
3 degrees have been omitted. However, in remote areas, particularly in 
the southern hemisphere, this tolerance has been extended somewhat, 
and such epicenters are also graded as of quality C. 
The magnitodes given in Tables 4 and 5 are calculated from the ampli-
tudes of surface waves at \•arious stations. In general, the values thus 
found are accurate within ±0.4. (See Gutenberg and Richter, 1934, 
Fig. 6, p . 120.) ~Iany shocks in Tables 4 and 5 have been made the 
subject of special investigations; references to these are given in footnotes 
to the tables. There may be others which ha,·e escaped our notice. 
In adapting Table 5 from the pre\ious list of large shocks (Gutenberg 
and Richter, 1936), several shocks ha\•e had to be omitted. Two of these 
are definitely established instances of deep focus- 1911 June 15 (Xo. 
138 p) and 1919 January 1 (No. 143). 1910 XO\·ember 9 has been omitted 
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TABLE 4.-Shocks with magnit11de 7-7.7, J an11ary 1926-Jlforch. 1984 
Re\-ised epicenter 
Day Time Quality Magnitude Latitude, Longitude, 
degrees degrees 
1926, Jan. 25 00:36:1 !J s. 15 E. B 
--
7.4 
1926, Feb. 8 15 :17:49 13 x. !J \\'. B 7 .l 
1926, .:'.larch 27 10:-18:30 9 8. 157 E . B 7.1? 
1926, April 12 0' :32:28 10 s. 161 E. B 7.7 
1926, Oct. 26 03:.J-1:41 3t s. l3S! E. A 7.5 
1927, Jan. 24 01 :05:-13 16t s. 1 67~ E. B 7.0? 
1927, ).larch 3 01:05:09 6 S. 122 E. A 7 .0? 
1927, Aug. 5 21: 12:55 37} x. 142~ E. A 7.2 
1927, Aug. 10 11:36:15 1 S. 131 E. B 7.2 
1927, Sept. 11' 22: 15:-!7 ·H~ X. 34} E. A 6.9? 
1927, Oct. 242 15:59:55 57~ x. 13i \Y. A 7.2 
1927, .:\ov. 43 13:50:43 31! .:\. 121~ \Y. A 7.0 
1927, .:\OY. 21 23:12:25 -!-!~ s. 73 \\'. B 7.0 
1927. Dec. 28 18:20:23 55 x. 161 E. B 7 .1 
1928, :\larch 9 ln:05:27 2t x. t E. ..\. 7.4 
1928, ).larch 16 05:01 :02 22 s. 170~ E. A .7.4 
1928, :\fa re h 22 04:17:00 16 x. 96 \Y. B 7 . 1 
1928, :\fay 14 22:14:46 5 8. 78 w. A 7 .1 
1928, ~.lay 27 0'.):50:26 40 :\. 142{ E . A 7.0 
1928, June 29 22:49:38 15 s. 170t E. A 7.2 
192 , Aug. 4 1 :26: 16 16 .:\. !J7 \Y. A 7.3 
192.S, Oct. 9 03:01:08 16 ::'\. 97 \Y. A 7.4 
192 , Dec. 19 11:37:10 7 x. 124 E. A 7 .2 
1929, Feb. 22 20:41 :46 11 x. 42 w. A 7 .0 
1929, l\larch 7 01:34:39 51 x. 170 \\'. A 7.3 
1929, l\lay 1 15: 37:30 38 :\. 58 E. .\. 7.4 
1929, June 13 09:24:34 8! x. 127 E. A 7.0 
1929, June 16' 22:47:32 411 s. 173} E. A 7.3 
1929, J uly 5 H: l!l:02 51 :\. 17S \\' . .\. 7.0 
1929, July 7 21:23:12 52 .:\. 17 ~ \Y. A 7.3 
1929, Xov. 18' 20:31: 53 +! :\. 56W. A 7 .0 
1930, :\Iay 56 13:45:57 17 :\ . 96! E. A 7.3 
1930, :\lay 6 22:34:23 38 x. 44t E. A 7.2 
1930, June 11 00:49:35 5~ S. 150 E . B 7.2 
1930, July 2' 21:03:42 25} X. 90 E. A 7.2 
• See Obruchev, et al. (1928'. 
' H. Sommer (1931) gives 0 = 15: 59: 55 ± 2 seconds, epicenter at;;• 26' ± 50' K orth , 13i0 03' ± 19' West. 
• P. Byerly (1930) has investigated the macroseismic and microseismic data of this shock. He finds 0 = 
13:50:53, epicenter 34° 32' )forth, 121° 24' West. 
•The records of this shock have been studied by several authors. Lehmann (1930) has chosen ttt• S., 
1721° E . as epicenter. Bastings (1933) has interpreted the records as due to a sequence of three disturbances, 
following each other "~thin 7 seconds, the last being the strongest "ith an energy of the order of 10" ergs; 
0 = 22:47:35, epicenterat41°43' S., li2°l5'E. T hemacroseismic data have been studied by Henderson (193i). 
'Hodgson and D oxsee (1930) place this shock at44.5° K., 55° W. with an origin t imeat20:31:55. They giv• 
data on a large number of cable breaks produced by this shock. Additional effects and the geology of the 
region have been discussed hy Keith (1930). 
•Visser (1934) gives 0 = 13:45:41, epicenter at 17.2° ~ .. 96.; 0 E. 
1 See Gee (1934). 
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TABLE -!.-Concluded 
Revised epicenter 
Day Time Quality )fagoitude 
Latitude, Longitude, 
degrees degr""" 
J!J30, Oct. 248 20: 15: 11 1 t x. 147 E. A 7.0 
J!l30, Xov. 259 19:02:47 35 x. 139 E. A 7 .0? 
J!l30, Dec. 310 18:51:44 18 X. 96~ E. A 7 .2 
1n:31, J an. 27 20:09 :21 25.4 x. 96. E. A 7 .6 
Hl31, Jan. 28 21:24:10 11.1 x . 145.0 E. A 7 .4 
1!131, Feb. 1011 06:34 :32 5.3 S. 102.5 E. A 7 .1 
l!J:ll, :\larch 9 03:48:57 40.5 x. 142.5 E. A 7.3 
J 931, :\larch 1812 08:02:25 32. S. 71 .3 \\". B 7 .2 
I !l31. :\larch 1 20:13:42 5.6 x. 126.3 E . A 7 .0 
1931, .\pril 24 17:22: I 6.6 s. 155.2 E. B 7 .0 
Hl31, Aug. 7 02: 11 :37 3.0 S . 143.5 E. B 7.2 
1!131, .\ug. 2713 15:27:25 29.b x. 67.3 E . A 7 .0 
HJ:31, Sept. 25" 05:59:52 5.1 s. 102.7 E. A 7.3 
Hl3l, Ort. 3" 19:13 :19 10.6 S. 161.7 E. A 7. 6 
1931, Oct. lQH ()(): 19:59 9.9 S. 161.4 E . A 7.4 
1931, Xov. 2 10:03:09 32.4 X. 132. l E. A 7.4 
1932, J a n. 29 13:41:18 6.2 s. 155.0 E. B 7 .0 
l!l32, June 22 12:59:32 19.1 x. 104.5 w. A 7.0 
1932, Sept. 151 ~ 13:54:55 39.2 S. 17'L2 E. .\ 7.0 
Hl32, Dec. 4 OS: 11: 19 2.4 X. 121.0 E. ,\ 7 .1 
Hl32, Dec. 2\16 06:10:1'.! 38.7 x. 117.!l\\". A 7.3 
1 u:32, Der. 25 02:04:31 39.2 x. !)6.4 E. B 7 .7 
11133, Jan. 21 19:21:14 34.0 S. 57 .0 E. B 7 .0 
1!133, Feb. 23· 08:09 : l!) 20.0 S. 70.2 \V. A 7 .2 
!'l33, April 27 02:36: 11 61.2 :'\. 150.9 \Y. B 7 .0 
Hl33, June 1 21:37:36 38.5 X. 142 E. A 7. 3 
I\133, June 24 21:5.\.:51 5.0 S. lQ.!.2 E. B 7 .3 
Hl3.3, Aug. 25 07:50:33 31.7 X. 103.4 E . .\ 7.3 
HJ33, .-\ug. 28 22: 19:40 59.5 S. 25 \\'. B 7. 3 
1(133, .\" O\". '.!017 23:21:38 73. 3 .\". 70. 7 w. A 7 .4 
1!1:3-l, Feb. 2-t 06:23 :47 22 .8 :'\. 143.9 E. A 7 .1 
1934, ;\larch 51s 11 :-t6:19 40.4 S. 175.6 E . B 7 .3 
1934, :\larch 24 12:().!:34 9.!l S. 161.4 E. B 7 .0 
8 Lehmann and Plet t (1932) have studied seismograms of this shock; t hey have taken 0 = 20: 15: 11, with 
an epicenter at 18.4 • N ., 146.8" E. 
'A summary of observations with references has been published by Davison (1936, p. 246 265). Among 
1hese note especially papers by I mamura (}931) and Kunitomi (1931). 
"Su Brown and Leicester (1933). 
"See Gutenberg and Richter (1934). 
"Su Bobillier (1933). 
"Seo West (1934). 
"Su Gutenberg and Richter (1934) . 
" Su Hayes (193i). 
"See Byerly (1935). 
1
' Su Lee (193i); Rajko and Linden (1935). Amplitudes of surface waves depend much on the azimuth 
oi the station. causing d ifferences in the calculated magnitude by about± I. 
"Su Bullen (1938). 
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becau e the imperfect data uggest a considerable depth of focu whj h 
it i impossible to confirm or determine precisely. Three shoc~-i~~ 
October 21, 1910 December 13, and 1921 September 11- have been Omitte~ 
as being smaller than the others on the original list. Shocks later than 
May 30, 1935 have been added. 
References and material on some of the great shocks of Table 5 will be 
found in Davison (1936). The follo"ing are reported to have been acco _ 
panied or followed by tsunamis (seismic ~ea waves): 1904, June 25; 1~ 
September 14; 1907, January 4 and April 15; 1918, August 15· 1922' 
' ' Xo,·ember 11 (see Gutenberg, 1939); 1923, February 3 (destructive i 
Hawaii); 1923, September 1 (comparati\'ely small); 1933, l\Iarch ~ 
(lshimoto, et al., 1934); 1939, April 30. There is no such report for that 
of 1932, June 2; but its large aftershock on June 22 (Table 4) was 80 
accompanied. 
For determining epicenters and origin times of many of the earlier 
shocks, use was made of individual station bulletins and of the summary 
publications by Szirtes (1909; 1910; 1912). 
Four very great shocks have been a igned magnitudes near 8! and 
clearly exceed the others in the list: 1906, .January 31; 1911, January 3; 
1920, December 16; and 1922, .November 11. 
It will be noticed that Table 5 includes no shock for 1908, 1909, or 1910. 
K umerous available reports for the,;e years have been examined Viithout 
identifying any shock large enough for inclusion, although there are a few 
which fall just below the line. 
One shock only is listed between 1912 and 1917. For 1913 it is reason-
ably certain that no very large shallow shock occurred, as all the principal 
stations were in operation, and the data have been collected and digested 
by Turner (1917). For the war years, particularly for 1915, the available 
data are imperfect, and a large shock in some remote region may have been 
missed, in spite of the collection of data by Turner. The regular publica-
tion of the International Summary in its full form begins for the year 1918 . 
.No shocks of magnitude approaching 8 occurred in 1936 or 1940. This is 
quite positive, as careful attention was given to all the larger shocks as they 
occurred. The disastrous earthquake in Chile in 1939 (January 25) does 
not appear in the list because of its focal depth of about 70 km. 
The first shock probably of class a after 1939 occurred on June 26, 
1941, at 11 :52 near the Andaman Islands. 
Shocks of classes a, b, c for the period January 1933 to March 1934, and 
all shocks in Tables 4 and 5, are plotted on Figure 2. This map gives a 
fair representation of the present distribution of seismic activity at shallow 
depth. It is probably somewhat imperfect in the Southern Hemisphere, 
although care has been taken to minimize this. The cataloguing is good 
enough to make it certain that the greater activity of the Northern Berni-
TABLE 5.-Shocks of magnitude 7}-8!, 1904-1940 
" Epicenter ~ .2 D ay Time ;; Region Latitude, Longitude, ~ ::l degrees degrees ::;; ~ I 100.i. June 251 21:00.5 52 1\. 159 E. Kamchatka 
Hcl().J. April -l2 00:50.0 33 1\. 76 E. 7;i. 
• 
B Kangra, India 
1!105. July 93 09:40.4 49 X. 99 E. 8 c SW. of Lake Baikal 
jfl05. July 233 02:46.2 49 x. 9 E. 8 c SW. of Lake Baikal 
Hl06. Jan. 314 15:36.0 1 x. SL! ''°· 8! B Colombia-Ecuador 
ttl()6. ,\.pril 185 13:12.0 3 X . 123 " "· St B San Francisco 
Jll{)6, Aug. 176 00:10.7 51 :\. 179 E. s c Aleutian Islands 
Hl06 • .-\ug. ~ 76 00:-10.0 33 S. 72 W. St c Chile 
Hl06. Sept. 14.7 16:0-1.3 7 S. 1-19 E. ~ , Xew Guinea 1(107, J an. 48 05: 19. 2 2 :\. 04! E. Sumatra 
Hl07. April 15' 06:08.J 17 x. 100 w. B. Guerrero, :\Iexico 
1()11. Jan. 310 23:25.7 -13! :\. i7t E. B Tien-Shan 
J!ll l, Feb. 1s11 1S:41. l 40 :\. 73 E. B Parnir 
Hlll, . .\ug. HP~ 22:-11.4 9 :\. 13~ E. c Caroline Islands 
)[11:2, :-.'fay 2313 02:24.1 21 :\. 97 E. c Burma 
Jfi!:2, Aug. 914 01:29.0 404 :\. 27 E. B Turkey 
!!lH, :\fay 26 14:22.7 3 S. 13 E. c Xew Guinea 
Hll 5. Oct. 310 06:52 .S 40! :\. 117! w. .-\ Xevada 
Hll7, :\fay 116 1S:26.6 31 li9 w. c I\:ermadec Is\and5 
Jflli, June 2617 05:49.7 15! S. 173 " " B Tonga Islands HHS . . .\ug. 1518 17:30.2 5! :\. 126 E. A Philippine Islands 
1(11.<;, Sept. 7 17:16.2 45t X. 151! E. B Kurile Islands 
Hll9. April 30 07:17.1 19 S. 172! \\'. B Tonga Islands 
1819. :\Iay 6 19:41.2 5 S. 154 E. 8 B Bismarck Islands 
!!.120, June 5 04:21.5 23! x. 122 E. 7l A Formosa 
1 See Rosenthal (1906, 1907). A considerable group of earthquakes; the largest is that given in the table. 
Oi t he foreshocks, one, at 14h was also of magnitude 7t to S. Of the many aftershocks that on June 27 at oh 
.. ., almost as large as the shocks of June 25. Some damage at Petropavlovsk. 
'See Middlemiss (1910); Omori (1907a). 
•See Sieberg U932a, p. 789). Violent in the eastern Tannu-ola area. 
•See Rudolph and Szirtes (1912). 
' See Lawson, et al., (1908) . 
•Two great earthquakes occurred a.bout hall an hour apart. For the earlier, in the Aleutian Islands, our 
only information is ta.ken from seismograms; the latter was the destructive Valparaiso earthquake. Set 
Rudolph and Tams (1907), with reproduction of principal seismograms. 
'~!any landsHdes and a seismic sea wave. Su Sieberg (1910; summarized 1932a, p. 911). 
• \"iolent on the islands Simeuloe and ~ias. off the coast of Sumatra. 
•See Boese, et al. (1908). Very destructive. 
" See Ga.litzin (1911). 
11 Jeffreys (1923) is a. discussion of the mechanical connection between this shock and a great landslide in 
the P:unir region which accompanied it. Later opinion, to wh.ich Jeffreys has also subscribed, accepts the 
landslide as an effect of the earthquake. 
' 'Epicenter from readings a.t Apia, Berkeley, Gottingen, Osaka, and Jena.. Strong at Yap (Sieberg, 
1932a. p. 919). 
" Based on reports from Osaka. and European stations. 
" Destructive on the north coast of the Sea of lla.rmora. See Sieberg (1920; 1932a, p. 758). Epicenter from 
macroseismic data, consistent with instrumental observations. 
" Epicenter from ma.croseismic data. This shock was accompanied by formation of fault scarps about 14 
feet in height in Pleasant Valley, south of Winnemucca., ~eva.da (Jones, 1915). For a later study including the 
scarps formed in 1915 au Pa.ge (1935). 
" Possibly deeper than normal. 
11 Instrumental epicenter by Gutenberg (1925) . Violent in the Tonga and Samoa Islands (Sieberg, 1932a 
p, 923). 
" \"iolent in southern llindana.o (Mas6, 1918). 
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TABLE 5.-Concluded 
Epicenter j $ 
Day Time ~ ""§ Region Latitude, Longitude, degrees degrees ~ & 
----  1920, Dec. 1619 12:05.8 36 x. 105 E. 8! ...\. 
1922, Sept. po 19:16.1 2HX. 122 E. s .\ Formosa 
1922, XO\". 11" O-l.:32 .6 28! S. 70 \\'. ! A Chile 
1923, Feb. 3 16:01.7 54 x. 161 E. l • A Kamchatka 
192-3, Sept. 122 02:58.6 35t x. 139~ E. 8 A Japan 
192-1, .\pril 1-123 16:20.-1 6! x. 126! E. s . ..\ Philippine Islands 
1924, June 2624 01:37.6 56 S. 157~ E. 7t B SW. of l\iacquarie Island 
1927, l\Iarch 725 09:27 .6 35t x. 13-lt E. 7l .\ Japan 
1927' l\lay 222° 22:32.7 36? x. 102 E. 71 A Kansu, China 
192 , June 17" 03:19.6 16t x. 9S \\'. 71 A Oaxaca, l\Iex:ico 
m2 , Dec. 1'8 O-l.:06.2 35 S. 72 \\". 8 A Chile 
1929, June 27" 12:46.9 5-1 s. 29! \Y. 71 B South Atlantic 
1929, Dec. 17 10:58.5 52~ x. 171! E. Tl • A Aleutian Islands 
1931, J an. 1530 01:50. 16s X. 96! \\'. 8 ...\. Oaxaca, :Mexico 
1931, Feb. 231 22:46.8 391 S. 177 E. -~ 
'• 
A Kew Zealand 
1931, .·\ug. 1032 21:18.8 -l.7 x. 00 E. B Altai l\Iountains 
1932, May l-l.33 13:11.1 ~ x. 126 E. 7l • . ..\ Celebcs 
1932, June 33• 10:36.9 19 X. 10-l. \Y. ...\ l\Iexico 
1933, l\larch 236 17:31.0 39 x. 14-l.! E. St . ..\ Japan 
193-1, J an. 1536 08:-13 .3 26} x. 86 E. 1 
' 
B India 
193-1, July 18 1!):-10.l 15 s. 167 E. 8 B Santa Cruz Islands 
1935, l\lay 3037 21 :32.7 29! x. 67 E. 7l B Quetta, Baluchistan 
1935, Sept. 20 01:-16.7 2 S. 1-12 E. F 
• 
B Xe\,. Guinea 
i935, Dec. 28 02:35.4 i S. OS E. 7~ .\ Off Sumatra 
1937, Jan. 7 13:20.6 35! x. 9S E. i l . ..\ Kuenlun l\its . 
1938, Feb. 133 19:0-l.,5 5 S. 131~ E. s 13 X"ew Guinea 
193 , Xov. 10 20: 18. 7 55~ X. 15S \Y. B Alaska 
1939, April 30 02:55.5 JO! S. J5St E. 8 B Solomon Islands 
1939, Dec. 2639 23:57 .-l. 39} x. 38} E. s .\ Turkey 
11 Great landslides and heavy loss of life. See Close and ~IcCormick (1922): Dammann (1924). 
"See Omori (1923). 
"See Willis (1929): Gutenberg (1939). 
"See Davison (1931) with numerous references which should be consulted. 
"See Mas6 (1924) . 
" Instrumental study b}' )facelwane (1930). 
"Tango earthquake. Two intersecting fault traces formed. For references see Davison (1936). 
"Epicenter west of that of December 16. 1920; gre3t destruction and loss of life. 
"Strong foreshock on March 22; among the aftershocks were two major earthquakes on August 4 and 
October 9 (Table 4). 
"Destructive at Talca and Chill:in. 
"See Tams (1930a; 1930b). 
••See Ordonez (1931) . 
11 The Hawkes Bay e:inhquake. See Adams, ct al. <1933), Da,·ison (1936). Short illustrared note by 
Townley (1931). 
""Violent al the few places of habitation near the instrumentally determined epicenter (Lee, 1933). 
11 DestructiYe on northern Celebes and Ternate. v.;th considerable Joos of life. 
" Destructi\•e in the region of Guadalajara and Colima. :llany strong aftershocks. 
" See )latuzawa (1935; 1936). 
"Felt over almost the whole of India. Pa.rticularly destructive in the state of Bihar, and at KhatmAndu 
in Nepal (Dunn, et al. 1939; Nasu 1935). 
" This shock almost completely destroyed the city of Quetta, Baluchistan, v.;th a Joss of about 30,~ 
lives. (West, 1935; 1936). :lluch smaller than the Indian earthquake of 1934. Ramanatban and :llukherJ• 
(1938) assign a maguitude of i .3. Amplitudes at European stations and Pasadena suggest a magnitude near 7.7 · 
15 Felt in the Moluccas lllld New Guinea, and at Port Darwin, Australia, which is about 800 kilometerl 
(about 500 miles) from the epicenter. 
"See Salomon-Calvi (1940). Heavy loss of life. 
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F rnt:RE 2.- World map of shallow earthquakes 
Class a 1904-1940; class b 1926- Marrh 31, 1934; class c 1931-llarch 31, 1934, .nt h a few omissioru 
in acti\·e regions 
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sphere compared with the Southern is real, and is not simply due to th 
distribution of stations. Class d shocks are omitted from Figure 2 e 
shocks of this class can be located only when they are not too distant f; ai 
good stations. Shocks of cla s e probably occur in all parts of the wor~: 
and are excluded from the pre ent study. ' 
GEJ\"ERAL GEOGRAPHICAL DISTRIBCTIOX 
Figures 1 and 2 together represent the present state of our knowled 
of the distribution of seismicity, as shown by recent earthquakes. Ho!~ 
ever, in Figure 1 the deep-focu shocks are mapped without reference to 
magnitude, and the indicated distribution is much affected by the position 
of stations; this accounts in large measure for the apparent concentration 
of such shocks in the vicinity of Japan. 
Inspection of the two figures shows the main outlines of geographical 
distribution. When these are supplemented by the additional data pre-
sented in later tables and figures, it becomes apparent that epicenters for 
all but the smallest earthquake may be di,·ided geographically into four 
distinct groups: 
(1) The circum-Pacific belt or zone, with many branches and sub-
divisions. This belt, as defined in the present paper, includes a large 
majority of shallow shocks, a till larger fraction of the intermediate 
shocks, and all the deep shocks in the restricted sense. 
(2) The :.Iediterranean and trans-Asiatic zone. Thi area include the 
remainder of the largest shallow hocks (class a), and all the remaining 
intermediate shocks. 
(3) Other narrow belts, including only shallow shocks. One of the,;e 
extends through the Arctic and Atlantic oceans, another through the 
western Indian Ocean. The shocks of the Ea t African Rift will be dis-
cussed with this group. 
(4) Scattered shocks or group of shocks, all hallo,,·, 
These groups ''"ill be taken up in order. In discussing each individual 
area, all the material available, including all epicenters giYen in the various 
tables, will be used . Accordingly, the additional epicenters plotted on 
the several regional maps cannot be used for statistical purposes, since 
they have been selected in a different way for a different purpose. It 
must be emphasized that this selection has been regional and uniform 
over entire areas. Special search \Vas made for epicenters in unu ual 
locations. Epicenters appearing to fall out of line have been examined 
as carefully as those occurring in the principal acti\·e belts, and have been 
rejected only when the data were manifestly imperfect. The occmTence 
of epicenters in well-defined line and belts is an immediate consequence 
of the data, without any forcing, \vhich has been scrupulously avoided. 
Finally, in regions where the acfo·ity was already well outlined by larger 
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eiirthquakes, shocks of class d were included only for the period January 
1931 to March 1934. 
Certain areas are conspicuously inactive. These are the Pacific basin 
and the continental shields. They will be discussed following the active 
belts, and this discussion will cover some of the scattered groups of shocks 
already mentioned. The remainder of these scattered shocks fall into the 
areas, usually of complex structure, lying between the active belts and the 
stable shields. 
THE CIRCUl\1-PACIFIC BELT 
GENERAL SURVEY 
The circum-Pacific belt, although practically continuous, includes 
.egments and branches in which the activity is very dissimilar in character. 
Geographically remote segments often show striking analogies. 
Between Alaska and central :y{exico seismicity is relatively low, in 
spite of occasional large shocks, and consists exclusively of shallow earth-
quakes. The sector is unique in this respect, unless the same is true of 
the little-known and possibly very different sector between South America 
and X ew Zealand. 
On the N:nerican side two loops extend eastward from the main line: 
che Caribbean or Antillean loop, and the South Antillean loop through 
che Falkland Islands and South Georgia. In both loops intermediate as 
well as shallow shocks occur. 
The Pacific coast of South America is noteworthy for the comparative 
rarity of shocks at shallow depth, the considerable seismicity consisting 
rery largely of intermediate earthquakes. Very deep shocks occur farther 
inland. Off the coast iies a moderately active belt, in which a few inter-
mediate shocks accompany a majority of shallow shocks. This may 
possibly be a branch of the main belt. 
On the opposite side of the Pacific there is a similar and unquestionable 
phenomenon of branching, as shown by the epicenters of shallow and 
inte1mediate shocks. The active belt extending from Alaska through 
the Aleutian Islands, Kamchatka and the Kurile Islands divides in central 
Japan. Its western branch leads through the Riu-Kiu Islands and 
Formosa to the Philippines, and its eastern branch leads southward to the 
~larianne Islands. In this eastern branch intermediate shocks are 
relatively more frequent than in the \vestern branch. Parallel to the 
eastern branch runs a belt of deep foci- which, however, departs from it 
and continues across Japan and the Japan Sea into Manchuria, where it 
turns at right angles and extends northeastward parallel to the belt of 
shallow and intermediate activity. 
The western branch appears to continue from the eastern Philippines 
through the Moluccas, round the Banda Sea, and by way of the Sunda 
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Islands into the • -icobar and Andaman falands. Ilere 
end; the connection through the epicenters in Burma 
Asiatic active area i not certain. 
it . may PO~ ibly 
mth the tra ns-
The eastern branch can be followed by way of Guam along the and . 
. f .1. d . . es1te line (which separates the regions o pre,·a1 mg an es1tic and preva·i· 
f , - . h I tng basaltic erupti,·e rocks) as ar as .i ap, m t e western Caroline . II 
there is a gap in the line of established epicenters. Structural conditi ere 
probably justify associa:i~~ all this activit~ with t?e andesite line, w~~ 
here continues to the v1c!Il1ty of western ::\ew Gmnea. From here e st 
. ~-
ward the belt of seismicity agam parallels the andesite line, and tu 
abruptly southwestward with it between Samoa and the Tonga Islan:: 
it passes Xew Zealand, and just south of :.\Iacquarie Island bends sharp!; 
west into a loop apparently analogous to that of the Southern Antill 
The active belt returns eastward on the south limb of thi :.\facqu;; · 
Island loop, beyond which no epicenters are available to trace it. It ma e 
connect along the Easter Island Rise with the branch off South Americ y 
f 
a 
In general, the Pacific belt o seismic activity separates the areas of 
continental structure from tho~e of Pacific structure. Its as ociation with 
the andesite line is an example of this. The oceanic area west of Xew 
Zealand and the Kermadl'c and Tonga Islands is evidently a part of the 
Australasian continental area. The open sea between the Marianne 
Islands and the Philippines, separating the ea tern and western branches 
of the belt, covers a region of continental structure, if we rely 00 the 
evidence afforded by the wlocities of . eismic surface waves (Gutenberg 
and Richter, 1936). This area may perhaps include isolated fragmentary 
patches where the structure is Pacific or an approximation to it, particu-
larly in the vicinity of the deeps along it western margin. Similar condi-
t ions may exist in the ,·icinity of the deeps off the South American coa.5t. 
In the area between these latter deeps and the off-shore line of activity 
previously referred to, thNe is evidence for continental structure, derived 
chiefly from the amplitudes of reflection for bodily seismic waves (Guten-
berg and Richter, 1935). There is some purely seismic evidence for the 
Pacific character of the Caribbean structures. Not only do shocks at 
intermediate depth occur in that region, but bodily waves reflected in the 
vicinity of Tampico show the small amplitudes characteristic of Pacific 
structures. (Gutenberg and Richter, 1935) -o comparable data are 
available for other parts of thi region. 
Yery deep shocks (at depths of 600 km. and more) are as ociated with 
both main branche of the circum-Pacific belt, where they change direction 
abruptly,- in and west of the Banda Sea, and outhwest of Samoa. There 
is no similar structural cnYironment for the similar shocks in South 
America, nor for those in the Japanese--:\fanchurian region. 
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ALEL"Tll::"< ARC 
The Aleutian structural arc is probably seismically actiYe throughout 
it~ length, although the instrumental data of recent years show great 
difkrences in it;;; Yarious parts. The western end abuts against the very 
5cti,·e region of Kamchatka; but from here eastward through the Com-
inunder (Komandorski) Islands acfoity is comparatiwly slight. The 
central part of the arc, opposite the Aleutian trough, is one of the mo~t 
acti\'e areas of the globe, ''"ith Yery frequent shocks, ome of them of the 
Jargrst magnitudes. As may be seen from Figure 2, this acfo·ity dimin-
i::he:o: only slightly eastward toward the Alaskan peninsula. The arc ends 
in the region of the Kenai Peninsula, where there is again considerable 
actiYity; hocks in this area are frequently felt sometimes causing damage 
3t Srward and other neighboring points. The belt of activity continues 
northward, following the trend of the Alaska Range. Perhaps the shocks 
in the region of Fairbanks should also be included here; the mo t recent 
l1rgr one occurred on July 22, 1937 (Bramhall, 1938). 
Except for the eastern end in Alaska, epicenters on the Aleutian arc 
are exclusiYely from instrumental data. Although the larger shocks of 
the group are well recorded at all the principal stations of the ::\ orthern 
Hemisphere, location is usually only reasonably good. In some cases this 
it- e,·idently due to complexity in the shock, leading to imperfect or con-
ru~ecl sei mograms. In other instances difficulty appears to result from a 
fora! depth slightly deeper than u"ual for shal!O\Y earthquake (say 50 
km.). .\. fe\Y cases of intermediate focus are positiYely identified (Fig. 1), 
anc.l many others arc uspccted. 
:\fost of the better determined epicenters lie on the south side of the 
olrneture, between the islands and the Aleutian trough; a few of them lie 
farther north, e\·en among the islan~. The epicenters of the intermediate 
shoc·ks fall among this northern group. This appears to be an instance of 
the· phenomenon which is " ·ell den~loped along other Pacific coa ts, that 
the :-hallow shocks fall farther out to sea than the intermediate ones. 
The seismic history of the region is imperfectly lu10\rn. Shocks haYe 
brrn reported felt at l:nalaska and other point since the earliest explora-
tion,... For the . .\leutian Islands, west of "Cnalaska, most of the data con-
'i"t of occasional reports of shocks felt on shipboard. For the Alaskan 
rrp;ion the state of macroseismic information is well indicated on a map by 
ieberg (1932a, p. 938). For recent years macroseismic data for Ala ka 
arc f'ummarized by the United States Coast and Geodetic SurYey in pub-
liC'ations under the serial head Cnited 8tales Earthquakes. 
AL.\SKA TO ~IEXICO 
This sector extends from central Ala ka to central :\Iexico. In strong 
contrast with the constant acfo·ity and frequent large shocks characteristic 
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of central Alaska and the west coast of central ~Iexico, most parts of th 
interYening sector exhibit a continuous minor acti\ity, punctuated be 
large shocks at comparatiYely long intervals. All these shocks are 8Jiaf. 
low; in the Californian area the instrumental records strongly indicat 
that the typical shocks have a depth appreciably less than that usual ie 
other parts of the world; this depth is not always aceurately detenninedn 
but seem rarely to exceed 15 km. As a consequence, the intensity mani~ 
fested near the epicenter is relatively high, and the disturbed area rela-
tively small, for shocks of a given magnitude. In several instances 
faulting has been obserYed at the surface. ' 
·w hile the activity here is low compared with the rest of the Pacific 
belt, it is appreciably higher than for mo t of eastern Xorth America. 
AJthough the historical record of earthquakes begins as late as 1769, a 
long series of shocks is known, many of \vhich were locally destructive 
(Townley and Allen, 1939). Of the largest hocks, two (those of 1906 and 
1915) are indicated on Figure 2. Two ot~crs of comparable magnitude 
are known to haYe occurred; one in 1857 in Southern California, and one 
in 1872 in Owens \'alley, east of the Sierra Kevada. \Yith these may be 
mentioned the great shock of 1899 in Yakutat Bay, Alaska (Tarr and 
~Iartin, 1912). 
Between Alaska and northern California the principal epicenters lie off 
the coast; however, they are still within the continental area. This i 
definitely indicated by data on the propagation of seismic waves in thi 
region (see Gutenberg and R ichter, 1935), and is consistent with the fact 
that the structural trend lines of California strike out to sea toward the 
north. For discussion of this region see Byerly (19-10). Farther south 
the principal belt of activity trends inland. As in other parts of the world, 
this apparent single actiYe belt i somewhat complex in detail. See 
R ichter (19-10) and refer to the section on ::\linor Seismicity in this paper. 
In California it follows the general trend of the San Andreas fault , with its 
branches and parallel faults. These feature are shown on the fault map 
of California, prepared by Willis and Wood in 1922 (Willis, 1923, map). 
~lore recently revised information as to the location of faults, but without 
indication of their activity, appears on the new geological map of Cali-
fornia (Jenkins, 1938). 
In Southern California the principal faults, their accompanying struc-
tures, and the seismically active belt are intersected and deflected by east-
\Vest structures and fault zones, also seismically active. The chief ac-
t iYity then extends from Imperial \'alley down the Gulf of California, 
with some epicenters on the peninsula of Baja California. 
The eastward offset of structures and actiYity is not followed by the 
margin of the continental shelf which continues ''ith a roughly linear 
trend off the coast of Southern California. Bet"lleen it and the mainland 
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i5 llll area of considerable submarine relief, with fiye large islands and some 
:JUall rocks; thi area manifests moderate seismic activity. Still farther 
50uthwest is the epicenter of the shock of January 4, 1933, mapped on Fig-
ure 2 at 28°.5 -. 127° W. This is a ,·ery well located epicenter, but 
whrther it should be conf'idered as a Pacific shock or as a continental 
;hock remains somewhat uncertain, as there is no assurance that the margin 
of the continental shelf is actually the boundary between Pacific and con-
cinrntal crustal structure. Along the entire coast between Alaska and 
central ::-.rexico there are no oceanic deeps, such as mark the margin of the 
pacific elsewhere. 
Jn this discussion, earthquakes in Owens \'alley and ::\e,·ada ha\'e been 
included with the Pacific belt. While these shocks occur in a district 
50mewhat remote from the coa t, the a ociation is natural. 
MEXICO AND CE:'.'<TRAL AMERICA 
The Pacific coastal lands of central ::-.Iexico rank with the Aleutian arc 
among the most active sources of shallow earthquakes (Fig. 3) . The 
distribution of epicenters on our maps i affected by high acti,·ity in 1931 
in Oaxaca and in 1932 in Jalisco. The interYening coast has been Yery 
:icti,·e in other years, as exemplified by the large Guerrero earthquake of 
1907. 
The east-west belt of shocks at intermediate depth (mo tly near 100 
km.) across central ::-.Iexico follows a zone of active Yolcanism. Some of 
tlwse shocks have been destructiYe-such as that of February 10, 1928 
in Puebla, and that of July 26, 1937 in Yera Cruz. Destructin' shocks in 
earlier years along this line may haYe had equal focal depth. 
;\ ote that the coastal belt of shallow shocks apparently turns southward 
off shore in western Panama; eastern Panama, including the Canal Zone, 
is comparafo·ely inactive. The epicenters far off the coast near 100° W. 
arc to be considered in connection with those of the Galapago~ Islands 
and outhward. 
In the Yolcanic zones of Central America there are frequent shocks 
originating near the surface, often ,·ery destructiYe in limited areas. 
Ho,,·ever, the principal inland activity is at intermediate depth (down to 
200 km.). The shocks in the Gulf of Honduras, near the limit between 
shallow and intermediate depth, suggest a branching of the main Pacific 
actiYe belt, and a connection \.\ith the West Indian acfoity. 
CARIBBEA:'.'< LOOP 
The Caribbean seismic loop (Fig. 3) diYerge. from the main circum-
Pacific belt near the Isthmus of Tehuantepec. It trikes out through the 
Gulf of Honduras, along the margins of the Bartlett Deep to Cuba and 
Haiti, and thence round the Atlantic side of the Lesser Antilles to the 
South .American coast. Here it gradually trends inland, and follo"·s the 
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00rthern Andean structures through Yenezuela into Colombia, where it 
becomes identified with the main Pacific belt. 
On the west, the loop is closed off by the Central American structural 
snd seismic belt; on the east, there is not the slightest evidence of an 
TABLE 6.- Additional earthquake epicenters in the Caribbean region 
- Epicenter 
Day Time Quality Class 
Latitude, Longitude, 
degrees degrees 
1929, Jan. 17 11 :45:39 IOt X. 64! W. B c 
1922, :May 11 06:45:35 12 x. 59! W. B c 
1928, Sept. 27 00:44:05 12 x. 60 w. A c 
1925, July 7 17:43:43 17! N . 60! \V. B c 
1925, Sept. 29 17:33:50 1 t X. 62 W. B c 
1927, Aug. 2 00:51:46 19 X. 64! w. A c 
1918, Oct. 11 14:14:30 18! x. 67! W. A b 
1922, Dec. 18 12:35:03 19 :K. 67 w. B c 
1920, Feb. 10 22:07:15 18 N. 67! w. B c 
1926, March 24 05:41:21 19! X. 69! W. c d 
1923, Kov. 3 08 :37:46 19! x. 73! W. B c 
1923, :\1arch 15 06:03:12 20 x. 68 \Y. c d 
1930, June 25 12:06:20 19 K. 64W. B c 
192-t, J an. 30 20:54:48 20 x. 77! W. c d 
1934, July 10 01:02:10 20 x. 80 w. B d 
1939, J une 12 04:05:09 20! x . 66\V. A c 
1938, Kov. 10 15:23:30 20~ x. 74W. B d 
1938, April 13 13:53 :13 12 X. 60! w. c d 
1939, Xov. 7 15:44 .0 18 x. 72! w. B d 
1939, March 7 11 :20:49 18 X . 67 W. B d 
1940, Nov. 10 20:40:27 17 ~. 84 W. c d 
1941, April 7 23:29:17 in x. 78! w. A b 
actiYe belt extending from the Lesser Antilles across the Atlantic, as indi-
cated on most old seismic maps of the world. 
Activity here is low compared to that of most of the circum-Pacific belt, 
though it is higher than that of many other regions. It apparently re-
sembles that in California. During four centuries of recorded history, 
many earthquakes, some extremely destructive, are known to have oc-
curred thus giving the West Indies a reputation for high seismicity which 
is not altogether deserved. 
Instrumentally determined epicenters can be supplemented from the 
history of destructive shocks, but careful discrimination is required. 
(See, Sieberg, 1932a, p. 961- 974; Scherer, 1912; and Taber, 1920; 1922.) 
In general, rnacroseismic and historical data· support the assumption 
of one continuous active belt, though this may be subdivisible laterally, 
as Taber indicates. A conspicuous exception was the destructiYe earth-
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quake of 1880 at San Cristobal in western Cuba. Taber (1922) poi t 
out that in the entire history of Cuba the only other strong shocks h;·e 
been near Santiago. The most notable of these took place in 1678, 1755• 
1766, and 1932. 
Among the earthquakes of Jamaica were the two very destructive shocks 
of 1692 and 1907. Taber (1920) concludes that both originated off th 
north coast of the island. For Haiti \Ye may note the shock of 18-!2e 
extremely destructive at Cap Haitien and neighboring points on the north 
coast, and those of 1751 and 1770, Yiolent in the southern part of the 
island. 
The instrumentally determined epicenter for the destructive Porto Rico 
earthquake of October 11, 1918, agrees well v.rith macroseismic data. 
(See Reid and Taber, 1919a; 1919b.) 
Historical data are of small Yalue for the Lesser Ant illes, since it is 
impossible to determine epicenters, except for small shocks of a strictly 
local volcanic character . 
Of the shocks mapped as of intermediate depth, the two in Venezuela 
are a.t well-determined depths near 100 km. Depths for the others are 
less precise. 
Recent surveys have demonstrated the existence of a belt of large nega-
tive gravity anomalies in this region. For discussion and references 
see Ewing (1938) and Hess (1938). This belt extends north of Haiti and 
Porto Rico, and on the At lantic side of the Lesser Antilles; the earthquake 
epicenters lie in or close to it. Hess has postulated a former extension of 
this belt, indicated by serpentinite intrusions where high gravity anomalies 
no longer exist; this extension passes by way of Cuba and Yucatan into 
Mexico and is now seismically inacfo·e, unless the Cuban shock of 1880 
is referred to it. 
AXDEAN ZOJ\'E 
This includes epicenters near the Pacific coast as well as those in the 
Andes proper (Fig. 4) . The mapping of shallow shocks is not statistically 
comparable with that of deeper shocks. All known intermediate and deep 
shocks are shown on this Figure, while the shallow shocks indicated for the 
Andean zone are only those of 1931- 1933 and of Tables 4 and 5, \\i th 
four adclitional epicenters as follows : 
1936, l\fay 22 00:15:58 32° S. 66° w. 
1936, July 26 07 :36:53 24° S. 70° w. 
1937, Dec. 24 06:20:.W 10!0 S. 76!0 w. 
1940, Oct. 11 1" :41:13 4WS. 74!0 w. 
For these shocks the magnitude class is c, the quality of epicenter, is 
B, and the focal depth is probably slightly greater than that usual in other 
regions, say 40 to 50 km. 
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The fairly high seismicity of the Andean zone is due primarily to earth-
quakes at intermediate depth. Even the shocks designated as shallow in 
the present study frequently show evidence of focal depth greater than that 
found elsewhere. For the earlier years especially there is great difficulty 
in discriminating shallow shocks from intermediate earthquakes at depths 
of 70 to 100 km. This difficulty is diminished beginning about 1931 
when a short-period vertical-component Benioff instrument was installed 
at Pasadena. The records of the station at Huancayo, Peru, which began 
0prrating in August, 1932, are also filed at Pasadena, and are of ,·ery great 
11,,:;istance in studying the depth of South American earthquakes. Fur-
thrr, beginning about 1931 there was general recognition of the occurrence 
of deep shocks, which were then more frequently reported as such, with 
details of the characteristic seismographic phases, by many stations. 
The period 1931-1933, for which all the shocks listed in the International 
Summary have been examined with care, is much more acceptable for sta-
tistical purposes. For these years 15 shallow shocks (not including small 
aftershocks) and 32 intermediate shocks have been located in the Andean 
zone. Because of their Rpeeial intere t, more effort was made to locate 
the intermediate shocks, and moreover they are often more clearly re-
corded than shallow shocks of the same energy. On the other hand, some 
of the shocks mapped as shallow in Figure 4 may prove to be intermediate. 
Ample evidence now exi. ts for the occurrence of shocks at intermediate 
depth, large enough to be very destructive at the surface. The great 
Chillan earthquake of January 25, 1939 at a depth of 70 km., has already 
been mentioned; its epicenter is marked by an arrow in Figure 4. Another 
striking case is the destructi,·e Colombian earthquake of February 5, 1938, 
originating at a depth of 160 km. The vast extent of the perceptibly 
Ehaken areas in many South American shocks has long been a matter of 
remark; this is to be expected if the focus is deeper than ordinary. A 
related observation concerns the difficulty in drawing isoseismals for these 
earthquakes. Especially in Chile, where the centers of population are 
scattered, it has often been said that the apparent intensity bears a more 
evident relation to the character of the ground than to distance from the 
epicenter. (See \Yillis, 1929.) Such effects are very marked in cases of 
deep focus, both in South America and elsewhere. Finally, it is note-
worthy that there is no credibly establi hed instance in South America 
when surface faulting accompanied a great earthquake, although such 
instances are known from many other seismic regions. In some cases 
considerable changes of level, particularly at the coast, accompanied great 
shocks; such effects may haw been the surface distortion occasioned by a 
deep-seated fracture. 
Deep shocks in the restricted sense are comparati\·ely rare; to date only 
l have been identified. Only one of the e occurred during the period 
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1931-1933. Judging by the amplitudes of the eismic waYes, several of 
these were shocks of Yery great energy. Some of them were reported felt 
although the focal depth in each case is at least 600 km. Between the ' 
and the intermediate hock , which extend down to 300 km. is a vacan~ 
range in focal depth. There i al::o a gap in the geographical distribution· 
the epicenters of the deep shock' are we!J to the east of all others in th~ 
zone. In the north they are completely out of the Andes, in western 
Brazil. 
Epicenters of intermediate shocks are fairly generally scattered in the 
Andean zone down to about -!0° S. , being most numerous near 23° s 
where there is a clear separation between shocks at about 67° W . a t dept~ 
of about 200 km. under the major Andean chain, and shocks near 69° w 
at depths of 100 to 150 km. under the coa ta! Cordillera. Elsewhere th~ 
deeper intermediate hocks generally occur farther from the coast than 
those of shallower depth; howewr, in Peru shocks at 150 km. or even deeper 
occur comparatively near the coast. 
Shallow shocks, with t,,.o important exceptions, occur close to the coast 
or eYen offshore. All these shocks are to be considered as shallow with 
the reserYation that they probably belong in the deeper part of that range, 
from -!O to 60 km. 
Four of the mapped shocks arc among the great shocks of Table 5. 
The data exclude depths of as much as 100 kilometers. Four shocks are 
taken from Table -!. Of these, that of ~Jay 1-!, 1928 is the only large 
·hallow shock far inland from the South American coast. A depth in 
excess of 60 kilometers would not conflict with the instrumental data, 
but i quite unlikely. This ~hock wa" de::tructiw in the interior of Peru. 
Historically, seYeral shocks are known to haYe been Yery violent far from 
the coast in Peru and Ecuador, without the wide area of perceptibility 
characteristic of intermediate earthquake,;:. Consequently, this region 
though only about 300 km. from thf' sea, may be considered as an excep-
tion to the general rule that shallow South American shocks a re coastal. 
Xaturally such a rule must exclude ::uperficiaJ volcanic hocks, and also 
the minor crustal adjustment near the . urface which take place in all 
parts of the "·orld. The hallow shock::: of the ~Iendoza district are 
discu sed below. 
The shock of ~Iarch 18, 1931 has been plotted at the epicenter assigned 
in the International Summary, about 90 kilometers from Santiago, and 
very close to Yalparai o. Yet this shock passed almost unnoticed in Chile, 
except for the remarkable instrumental records. (See Bobillier, 1933.) 
The Santiago seismograms of aftershocks indicate a di tance of omewhat 
more than 2-00 km. Both at Santiago and at distant . tations, such as 
Pasadena, this shock was notable for the large size of the surface waves 
compared "·ith the direct bodily waw::. All this points to an unusually 
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shallow focus, probably located farther ,\·est, off the coast opposite an 
.\ntonio where the shock was felt by a few per ons. 
Of the smaller shallow shocks that of :\lay 22, 1936 is in the province of 
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FIGURE 4.-Map of epicenters, South America and adjacent Pacific 
Arrow indicates shock of 1939, January 25. Letter "C" indicat.., continental structure 
San Luis, Argentina, considerably east of ~Iendoza. It is the only well-
e. tablished epicenter which confirms the conclu ion, strongly. uggested 
by the history of the region, that shallow shock occur here in a limited 
area east of the Andes. Since instances of intermediate focus are known 
here the mere historical fact of frequent reports of shocks in :\Iendoza and 
surrounding provinces is no proof of shallmY activity. However, such 
destructive shocks as the Mendoza earthquake of 1861 cannot have origi-
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nated at any such depth as 200 km. The earthquake of May 30, 1929 destructive in southern l\Iendoza, was probably shallO\Y. ' 
Few, if any, epicenters are found associated with the oceanic deeps off 
the South American coast. This somewhat modifies the frequently ex. 
TABLE 7.-Additional earthquake epicenters in the Southern Antillean region 
Epicenter I Day Time Quality 
Latitude, I Longitude, 
a.,,. 
degrees degrees 
-1928, Oct. 17 15:19:35 53 s. 54\V. c c 
1929, Dec. 6 16:46:43 53! S. 29 \V. c c 
1928, May 15 05:43:45 54 S. 23 w. c c 
1923, May 1 10:36 :18 55 s. 2-1 \\' . c c 
1925, J an. 21 18: 11: 10 56 S. 25 w. c c 
1929, April 13 21:05:59 55 S. 24 \Y. c d 
1921, Sept. 13 02:36:44 55 S. 29 w. c b 
1929, March 28 20:17:57 55 S. 27! w. B c 
1930, March 30 08:26 :10 54! s. 27! W. A c 
1930, July 13 01 :12:22 56 S. 67 w. c d 
1929, Oct. 21 10:33:38 I 59 s. 26 '"· c c 1926, March 21 14:19 :12 61 S. 25 W. c b 1930, Feb. 18 01:52:48 60 S. 25 w. c c 
1928, Dec. 27 04:46 :10 61 s. 55 W. c c 
1938, J an . 24 10:31 :44 61 s. 38 \V. B b 
1937, Sept. 17 09:30:41 56! S. 25 \V. c c 
1937, Oct. 7 07:51 :45 59! s. 53W. c c 
1936, Jan. 14 05:36 :27 60 s. 22! W. B c 
1938, April 2 06:02:00 59! S. 58 W. c c 
pressed opinion that the destructive seismic sea waves of this coast are 
due to submarine faulting. A sea wave followed the earthquake of 1922, 
which had its epicenter on land; the same is probably true of the great 
earthquake and wave of 1877, so that the mechanics of generation of the 
sea wave must be of a different character. (See Gutenberg, 1939.) 
~o shock has been found south of 4-lt0 • Historical information bearing 
on this is of course very limited; however, a strong shock occmred in 1879 
near the Strait of ::\'.lagellan. (See Sieberg, 1932a, p. 986.) This single 
case is not sufficient to settle the question of connecting the Pacific belt 
of activity directly with that of the region discussed next. 
SOUTHER'.ll ANTILLES 
This is the name applied by Suess to the island arc connecting the Ant-
arctic with South America; it includes the South Shetlands, South Orkneys, 
South Sandwich Islands and South Georgia. The Falkland Islands lie 
farther north and are geologically different. 
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The analogy with the \Yest Indies is . tructural as well as geographical; 
there is an oceanic deep on the outside of the arc, and active rnlcani~m 
in the South Sandwich group. The general correspondence extends, 
,rith some qualification, to the seismic acti\-ity. 
Epicenters were occasionally located in this region during the earliest 
period of instrumental eismology; but the matter escaped general notice 
until it was discu ed by Tams (1927a; 1930a). These shocks are Yery 
di;;tant from all but a few seismological stations; consequently the epi-
centers are les accurate than for most other important seismic areas, and 
it is not possible to work with any but large shocks. The seismicity as a 
,rhole is high, decidedly greater than that of the West Indies. All located 
epicenters, including tho e of some intermediate shocks, are plotted on the 
south polar chart (Fig. 5) . 
Historical and macroseismic data are very scanty and of little signifi-
cance. The distribution of known epicenters uggest a closed ring rather 
than a loop, as the activity does not extend into the Antarctic, and i not 
clearly connected with that of western South America. 
Shocks are mo t frequent near the South Sandwich I lands and the deep 
en.st of them; some of these are large, and one (that of June 27, 1929) i on 
the list of great shocks (Table 5). :.\lost of the intermediate shock5 are in 
this part of the arc. 
The epicenters farther east, and near Bouvet Island pos ibly indicate 
a connection with the seismic belt of the Indian Ocean, to be discw;:sed in 
later sections. 
SOUTHEASTERN OCEANIC BRANCH 
Seismograms, chiefly at the stations in the Americas, shO\Y that a belt 
of moderate seismic activity runs near the center of the Ea.5ter I land 
Ridge (Fig. 4). A search wa made for authentic epicenters in the south-
eastern Pacific Ocean, in which eYery adequately recorded shock west of 
the South American coast was inYestigated. The large majority of these 
epicenters were found to lie along a comparatively narro\Y belt. 
The acti,ity is relatively mild, and large shocks are infrequent, so that 
our knowledge of the seismicity is necessarily imperfect. That the prin-
cipal belt is an outlying branch of the circum-Pacific zone is a natural 
hypothesis substantiated in a certain measure by the occasional occurrence 
of shocks at intermediate depth, thus distinguishing it from the otherwise 
similar active belts in the Atlantic and Indian Oceans. HoweYer, the 
manner of this supposed branching is difficult to derive from the compara-
ti,·ely few mapped epicenters. Those plotted on the southwestern part 
of Figure 3 should also be noted here. The most plausible suggestion is 
that the branching takes place in :.\1exico, and that an actiYe zone extends 
~outhward from Oaxaca past the Galapagos Islands. The few available 
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epicenters in the triangular area lying between the Galapagos Islands 
and the coasts of Central America and Colombia suggest an extensiy 
unstable area of complicated character, the details of which are at prese ~ 
inaccessible. n 
TABLE 8.-Additional earthquake epicenters in the Pacific off South America 
Epicenter 
D ay Time Quality CJ...., Latitude, Longitude, 
degrees degr-
-1928, Dec. 5 11 :O-l :32 3 X . 95 w. c d 
192.S, Dec. 26 21:32:52 6 X. !l9 \V. B d 
1927, Nov. 19 06:51:00 10 ~- 101 w. c d 
1930, Jan. 17 16:54:30 X. 105 w. c d 
1926, June 25 03: 36:52 28 S. 115 W. c d 
192-5, Dec. 19 16 :09:30 32 s. 111 w. B c 
1929, J uly 14 08:58:00 33 S. llO W. c c 
1929, l\iay 28 04:49:15 33 s. llO W. c c 
1920, l\Iarch 20 18:31: 15 35 S. JIO W. c c 
1927, l\farch 12 18:44:32 -11 S. J06W. c c 
1930, June 22 18:24:40 44 s. 81 \V. c d 
1936, Ma rch 5 06:05:58 9~ S. 108 \V. c d 
1936, Aug. 26 21:19:32 
I 
5 S. 106 w. c d 
1935, Sept. 15 14:09:00 27 s. 113 \Y. A c 
1937, May 24 00:40 :32 3 K. 95W. c d 
1937, Aug. 24 20:13:23 5 x. 89 w. B d 
1935, June 11 21:55:55 3~ ~- 83 w. c d 
1934, Feb. 20 03: 18 :45 5 s. 106 w. c d 
1934, April 9 15: 29:23 34! S. 99! W. B c 
1937, Oct. 11 21:23 .0 42 s. 90 w. C? d 
1937, Sept. 15 19:30:05 10 s. 110 W. C? d 
1937, Xov. 9 10:21:40 36! S. 97 \V. c c 
1938, Jan. 13 22:44:25 27 s. ll6 w. c d 
1940, J an. 2 11:07:14 2 ! s. 113 W. c c 
1938, Feb. 4 10:27:21 3 x. I 91 W. c d 
1938, Oct. 10 
I 
02:56 :23 3t s. 105; \V. B d 
1939, July 23 15:07 :24 9 s. 
I 
110 w. c d 
1939, Feb. 28 01:17:00 7 :'II. 103 W. c d 
Three intermediate shocks are east of the principal belt ; one of them, 
however, occurs together with shallow shocks along a line extending from 
the region south of Easter Island to the coast of South America. The 
location of epicenters in this part of the world is difficult, and less accurate 
epicenters have been mapped here than in most other regions. Compari-
son of Figures 4 and 5 will show that the Easter Island Ridge, with its 
accompanying seismic belt , appears to diYide into a southeastern and 
southwestern branch, with deep basins lying between them and the Antarc-
tic continent. Our knowledge of oceanic depths in this part of t he world 
/ 
THE CIRCL"M- PACIFIC BELT 37 
i~ still so fragmentary that any attempt to correlate scismicity with bottom 
contours is somewhat hazardous. Contours shown in Figures 4 and 5 arc 
t:1ken partly from Yaughan, el al. (19-W) and partly from se,·cral charts 
~upplied by the "G. S. Hydrographic Office, particularly their Xo . 5-111 
nnd 5-112. The Hydrographic Office has ginn the authors prompt and 
hdpful response to inquirie . 
Seismograms written at Huancayo for many shocks of this group show a 
lnrge reflected longitudinal waYe (PP); the distances from these epicenters 
to the tation are such that these large amplitude arc evidence of a crus-
tn l structure of continental type at the points of reflection. Three in-
~tanccs were noted, and one seismogram "·as reproduced, in the paper in 
which this criterion was first discussed (Gutenberg and Richter, 1935). 
The present investigation adds three more shocks large enough for the 
purpose; it can now be stated that all of the six larger shocks on and near 
the Ea ter Island Ridge south of the equator, as recorded at Huancayo, 
sho"· clear e,·idence of continental structure at the points of reflection of 
PP. These points, which are mid,rny from the station to the correspond-
ing epicenters, are indicated by the letter Con Figure-!. Their dates are: 
~onmber 2, 1932; February 30 and April 9, 193-1; September 15, 1935; 
:\larch 5 and August 26, 1936. On the other hand, the same type of 
eYidence establishes Pacific structure (1) north of the Galapagos Islands, 
from seismograms of Chilean earthquakes at Pasadena; and (2) just we t 
of the Easter Island llidge, near 43° S., 120° -n·., from a Chilean earth-
quakc as recorded at \Vellington (Xew Zealand). The Easter Island 
Ridg0 appears to be the southeastern boundary of the major Pacific 
basin; but large i olated areas of Pacific structure may exist outside this 
boundary. 
PACIFIC A~TARCTIC 
Additional data on submarine contours for the following discussion and 
for Figure 5 have been taken from the results of the second Byrd e:x.-pedi-
t ion, as reported by Roos (1937). The course of the 4000-meter isobath 
j;; largely hypothetical. It appears probable that the Easter Island Ridge 
continues southwestward as indicated, although its summit may descend 
helO\Y the -1000-meter Jew!. On this continuation eight epicenters are 
mappcd: 
1937, Nov. 23 
1930, June 15 
1933, April 19 
1932, :.\larch 10 
19-10, J an. 20 
1937, Aug. 13 
1930, Aug. 2 
1938, Sept. 5 
13:52:8 
21 :08:2 
01:45:33 
05:17:52 
09:58:0 
11:47:3 
16:09:05 
14:42:32 
44° s. 
46° s. 
51° S. 
5-10 s. 
55° S. 
57° s. 
57° S. 
55° S. 
115° \\'. 
116° \\'. 
116!0 \\'. 
135° \Y. 
133° \V. 
131° \\'. 
135° w. 
152° \\' . 
All these $hocks arc of magnitude cla:<:< c. This is the most difficult of 
all acfo·e areas for the location of epicente r;;:, and any of those mapped may 
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be in error by 5° or more. Rudolph (1895) reports a very clear case of a 
shock felt on shipboard in 1884 at 54° 57' S., 128° 34' W. 
There is unfortunately no seismic eYidence bearing on the moot question 
of a structure connecting the South Antillean arc across Antarctica with 
OCEAN DEPTHS 
400 0m ~ 
6 000 m -
BOOOm -
10 
JM Nordq -;aul 
SHALLOW S HOCKS 
CLASS a * 
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FIGURE 5.-Jlap of epicenters south of 30° S . Lat. 
~ew Zealand. Recent teleseismic obserYations pro\ide no data indicating 
shocks either on the Antarctic continent itself, or in any more northerly 
locality that might fall in the gap between the shocks just Listed and those 
to be discussed under the next head. Presumably the boundary of the 
major Pacific basin continues southwest\rnrd along the trend of the Easter 
I sland Ridge. 
The occasionally cited seismographic records obtained by the Scott 
expedition add very little to our knowledge. The results are published 
in a summary report by ~Iilne (1905). Instruments were installed near 
77° 51' S., 166° 45' E., and were operated for several months in 1902-1903. 
One hundred and thirty-six shocks were recorded, none of which were felt . 
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Twenty-scYen were identified as originating in distant parts of the world; 
i3 others were located between the station and ~ew Zealand, by using 
records at Wellington, Christchurch, and Perth. Locations for the 
remainder are not mentioned; but considering the characteristics of the 
instruments then in use, it is not likely that trustworthy conclusions could 
be drawn from these seismograms. It is quite possible that no truly 
Antarctic shocks were recorded, and that the most southerly of those 
noted belonged to the group now to be discussed. 
MACQUARIE ISLA:-<D LOOP 
Seismograms, and occasional reports of shocks felt on shipboard, long 
ago established the occurrence of earthquakes southwest of New Zealand, 
between 50° and 60° S. Earlier writers took for granted that this indicated 
an active belt extending, '"ithout much change in direction, from New 
Zealand into the Antarctic. The better recorded shocks of this group 
were investigated carefully before plotting on a large-scale map, when the 
unexpected result appeared that the alignment has the character of an 
active loop open to the east (Fig. 5). This adds a third member to the 
group of loops connected with the circum-Pacific belt, quite comparable 
to the Caribbean and South Antillean loops, and indicates the presence of 
a hitherto unknown structure of geological importance. 
The seismic loop is rather narrow; this suggests that the epicenters are 
on the interior of the supposed structural loop. Deep soundings have 
been obtained at a few points in the interior. The apex of the loop is near 
50° S. 140° E., not far from the point where some charts show Royal 
Company Islands.3 
The degree of seismicity is closely comparable with that of the South 
Antilles, the greater number of located epicenters being due to the proxim-
ity of the stations in Australia and _ ew Zealand, which makes it possible 
to work with smaller shocks than in the South Atlantic. On the north 
limb of the loop, not far from :\Iacquarie Island, is the great shock of June 
26, 1924 (Table 5). 
Intermediate shocks, which might be expected on analogy with the other 
Pacific loops, haYe not been found here. However, it would be difficult 
to distinguish a shock at a depth of 100 km. from a shallow shock in this 
area; and intermediate shocks have been identified a little farther north, 
between the loop and ~ew Zealand. Doubtless the Macquarie Island 
loop is associated with a structure of Pacific type; whether it forms part of 
the boundary of the Pacific basin cannot be determined at present. 
'According to information kindly furnished by Prof. W. H. Hobbo and by Colonel L. A. Martin of the 
Library of Congress, these islands were reported seen before 1814 and were reported not found in 1820 and on 
several occasioDB since. The jl06Sibility of temporary volcanic islands should not be overlooked. 
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NEW ZEALAND AND THE TONGA SALIENT 
The shocks ne:id; to be discu~sed are mapped on Figures 5 and 6. A belt 
of activity at shallow depth extend from ::\Iacquarie Island northeastward 
past !\cw Zealand nearly to Samoa, deviating very little from a great circl e. 
TABLE 9.-Additional earthquake epicenters southeast of Australia 
-Epicenw 
Day Time Quality a,.. Latitude, Longitude, 
degrees 
l 
degrees 
-1929, Dec. 28 01:22:53 40 S. 149 E. c d 
1929, J an. 21 04:55: 35 50 s. 136 E. c d 
1929, Dec. 31 Q.l: 10:20 51 s. 138 E. c d 
1927, June 14 17:16:55 50 S. 140 E. B c 
1927, Dec. 31 23: 13 :23 51 s. 140 E. c d 
1926, July 25 Q.1:52:40 51 S. 146 E. c d 
1921, J an. 7 02:51:24 51 1-1.0 E. c d 
1927, Sept. 7 19:57:05 56 s. 148 E. c c 
1929, Dec. 28 11 :2 :24 56! S. 143 E. c d 
1929, Dec. 16 00:45:31 55 s. 156 E. c d 
1928, Feb. 29 21:57:00 58! s. 14 E. c c 
1925, Aug. 14 04:03:3 59 s. 151 E. c c 
1930. Dec. 13 02:35:32 60 S. 150 E. c d 
1930, Sept. 14 03:01 :05 60 S. 14 E. c c 
1929, ~fay 22 20:06: 15 62 S. 155 E. c c 
1937, J uly 19 03:10:12 53 s. 145 E . c d 
1938, Oct. 9 16:36:40 61 S. 160 E. c c 
1936, Feb. 22 15:3l:5-I. 49! S. 164 E. B c 
1936, Feb. 22 19:22:40 50 s. 164 E. c c 
1939, Sept. 7 19:20: 14 50! s. 164 E. c d 
1939, Sept. 20 07:2S:20 50 s. 164 E. c d 
1939, ::\ov. 10 16 :49:40 53 S. 160 E. c d 
1940, Oct. 1 21 :38:22 61 S. 160 E. c c 
1940, Aug. 8 14:0 :23 57! s. 147 E . c c 
1940, March 14 18:22:35 56 S. 145 E. R c 
Seismicity in this belt is not high, but shocks of all magnitudes up to the 
very largest occur. Xortheast of Xew Zealand these shallow shocks fall 
between the islands of the Kermadec and Tonga groups on the ''est, and 
the oceanic troughs of the same names on the east. No epicenters can be 
Yerified to the east of these troughs. 0 . Hecker observed gravity anom-
alies of about +200 rnilligals on the Tonga Plateau, and -200 milli-
gal over the Tonga Deep (Heiskanen, 1936, p. 932). 
The belt of shallow shocks follows the andesite line, and turns westward 
with it between Samoa and the northern Tonga Islands, passing north of 
the Fiji Islands. It thus follows the boundary of the northeastern angle 
of the Australa..'lian continental area, here referred to as the Tonga salient. 
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The north ide of the salient is much less active than the east side, and only 
the few epicenters mapped in this part of Figure 6 can be verified. Thi 
i>" a result of a careful search of the International Summary and recent 
station bulletins. Particular attention was gi,·en to shocks indicated as 
outside the Tonga salient, as these would fall into the otherwise inactiYe 
Pacific basin; but only a few shocks near Samoa could be verified, the 
remainder being small, doubtful, or clearly in error. The interior of the 
salient had already been thoroughly canvassed in a search for deep-focus 
earthquakes. 
Figures 5 and 6 show only selected shallow shocks, while e,·ery inter-
mediate or deep hock located in the region is mapped. The comparative 
numbers of the two types of shocks shmYn are con equently without much 
statistical significance, apart from the e'ident fact that it has been possible 
to locate an exceptionally large number of deep shocks here. 
Clo ely a. sociated with the belt of shallmY earthquakes are a number of 
shocks at depths near 100 km. ~lost of these are along a northeast-
~outhwest belt nearly parallel to the belt of hallo\\. shocks, but farther 
from the Pacific. A few occur between Samoa and the most northeasterly 
shallow shocks, and are consequently the only shocks found immediately 
external to the Tonga salient. 
In this area distinction between intermediate and shallow· shocks is 
difficult only for small shocks or for those of early date. In Xew Zealand 
shallow shocks predominate. ::\ot only the data of the local stations, but 
also macroseismic observations, bear on this point. Faulting at the sur-
face was observed in 1855, 1888, 1929, and probably on other occasions, 
so that at least these large shocks must have had a shallow origin. The 
few ::\ew Zealand shocks indicated as intermediate are distinguished by a 
wider spacing of the isoseismals, combined with lower epicentral intensity, 
than is the case for shallow shocks of about the same magnitude. From 
the Ke1madec I. lands to Samoa the instrumental statistics indicate that 
:;hallow shocks are relatively, perhaps absolutely, less frequent. 
West of the main belt of shallow and intermediate shocks, but trending 
more nearly north and south, is a somewhat irregular zone which is the 
most acfo·e ource of very deep shocks in the world. At least 25 shocks at 
depths of 500 km. or more have been located here; and there are not a few 
others for which the depth and general region are known, but which have 
not been recorded sufficiently well for a close determination of the epicen-
ter. The depths are greatest near 21° S., 180°, where the hypocenters 
range down to nearly 700 km. belmY the surface. Some of these are earth-
quakes of very large magnitude; that of 1Iay 26, 1932 (Ko. 52) wrote 
enormous amplitudes comparable "ith tho e of the great shallow shocks of 
Table 5, for all but the surface waves. (See Brunner, 1938.) Xo shock of 
this group i!" found south of 33°. 
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East and north of these Yery deep shock are a number at depths rang-
ing from about 200 to about -100 km. They appear to form a fringe about 
the region of Yery deep shocks. Some shocks to the northeast, with depths 
near 300 km., are geographically better associated with the shallow and 
intermediate group than \Yith the deep shocks; this and similar conditions 
in South America have led to our including shocks down to this level in 
the intermediate range. 
Sewral epicenters added bet\Yeen the South Island and :.\Iacquarie Island 
are given in Table 9. Xorth of Fiji the follmring have been added: 
1932, Feb. 16 13:48 :50 15° S. 180° A b 
1923, July 12 03: 15:45 14! 0 s . 180° c c 
1938, lVIarch 25 15:49:26 14!0 S. 179° E. C c 
and west of Fiji: 
1930, June 5 
1933, Sept. 22 
11:42:48 
11:37:36 
16!0 S. 174° E . B 
16! 0 S. 174!0 E. A 
b 
c 
The isolated shallow shock at 18° S. 179t 0 W. occurred on March 8, 1932; 
it may possibly be as deep as 80 km. 
The Xew Zealand observers haYe reported an abundance of additional 
material in mimeographed bulletins issued from Wellington, with annual 
summaries, included in the Annual Report of the Department of Scientific 
and Industrial Research, and also issued as separate bulletins by the 
Dominion Observatory. :.\Iany epicenters determined at ,,~ellington refer 
to small earthquakes; now, experience in California and elsewhere shows 
that the small shocks of actiYe regions frequently occur along minor 
structures, and thus tend to obscure the pattern of major activity. The 
writers' own experience has also emphasized the unavoidable risk of eITors 
of interpretation in dealing with shocks recorded only at a few local sta-
t ions. These principles have led to the rejection of many interesting 
shocks not well recorded outside of Xew Zealand, among them several 
shocks, located by the workers at Wellington as east and southeast of the 
Xorth I sland frequently with attribution of intermediate focal depth. 
:.\1ost Xew Zealand epicenters fall along two principal fault systems 
which traYerse the islands longitudinally. Of these one, which includes a 
number of distinct faults, runs not far inland from the Pacific coasts of 
the two main islands. Historical data are not extensive, owing to the 
short time during which these islands have been settled by white men. 
The great earthquakes of 18-18 and 1855 were clearly associated with the 
fault system just mentioned, and the shocks of 1931 and 1934 on our map 
belong to it. The second principal actiYe line passes more centrally 
through the ?\ orth Island, and west of the center of the South Island. Its 
northern segment passes through the volcanic areas of Lake Taupo, Ro-
torua, and White Island; intermediate shocks occur on this line, in harmony 
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with the relation found in other regions. The Xew Zealand seismologists 
recognize other active line , all with the ame general longitudinal trend. 
The outhern half of the South I land is comparati\'ely quiet; this is 
supported by the meager historical data, except for the fiord region at the 
FIGURE 6.-Jllap of epicenters, .Yew Zealand to New Guinea 
outhwe t, which is near the epicenter of the large intermediate shock 
(depth 70 km.) of December 16, 1938. 
The Kermadec, Tonga and Samoan Islands haYe a hi tory of strong 
shocks. 
::IBW HEBRIDES TO XEW GUINEA 
The extremely active seismic belt of the ~Ielanesian i lands (Fig. 6) 
follows a structure which in its western course parallels the margin of the 
Au tralasian continental area, as indicated by the ande ite line. Farther 
ea t it trends southeastward, departing from the ande ite line as usually 
drawn, o that it apparently passes from a marginal to an interior struc-
ture. 
The majority of the shocks are shallow or in the shallower part of the 
intermediate range. It has not been nece. ary to list or map additional 
~hocks, as investigation revealed no verifiable epicenters in areas not al-
ready well represented, except for: 1938, April 20, 06 :27 :05, 22° S. 175° 
E., Ac. 
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~Iany shocks in this region are of large magnitude. Of those mapPed 
on Figure 6, six are from Table 5 (1906, 1914, 1919, 1934, 1935, and 1939). 
Except for a few very recent or unusually well-recorded shocks epicentel'!i 
in this region may be in error by 2 degrees or more. In many cases this 
might seriously affect the terms of a general description. Until the la.st 
few years, shocks in this region have been notoriously difficult to locate 
with precision, owing to a peculiar distribution of the nearer stations in 
distance and azimuth. This has been improved by the readings of the 
station at Brisbane (Queensland), which began recording in 1937. 
In the Xew Hebrides some past difficultie. \Yere due to the depth of focus. 
There i. doubt whether any shocks of shallow focal depth occur in thi.., 
part of the region, unless they are of mall magnitude. So many of th05e 
at first supposed to be shallow proved to have focal depths of the order of 
100 km. , that adequately recorded hocks near the Xew Hebrides were 
very carefully scrutinized. One result was the omission from Table 5 
of an earthquake included in our former table of great shocks, and as-
signed magnitude 7t from the reported amplitudes of surface waves. 
This shock occurred on Xovember 9, 1910, at 06h 02.2m, near 18° S. 168° E. 
The evidence for intermediate depth is not completely satisfactory, and 
doe not allow any depth to be specified. The great shock in the Xcw 
Hebrides on July 18, 1934, is mapped as a shallow earthquake (Table 5). 
The cismograms of this shock are large, and suggest the occurrence of a 
complicated shock or series of shocks; po ibly it belongs to the upper 
level of the intermediate range. A smaller shallow shock is mapped at 
22°.8, . 170°.5 E.; this occmred on April 12, 1931. The appearance of 
the ei mograms, and the recorded times, give none of the characteristic 
evidence of depth. This is confirmed by the large shock near by on i\larch 
16, 192 (Table 4). The shock at 15° S. 170t0 E. (Table 4) belongs to 
the same marginal group as the shocks north and west of the Fiji Islands. 
Two other shallow shocks, mapped in the extreme north of the Xew Heb-
rides area, eem well established. The deep shock at 13° S. 168° E. is of 
exceptional importance. This is Ko. 8Llf. listed in T able· i. The focus 
is certainly below the 300-kilometer level taken as dividing deep from 
intermediate shocks and the epicenter, though not very precise, is well to 
the northeast of the islands. Pre,·iously only shallow and intermediate 
shocks were known between the western Solomon Islands and the Tonga 
salient. 
In the Solomon Island there i no que tion about the frequent occur-
rence of shallow shocks. The exceptionally high activity of these islands 
is well brought out on the \\·orld map (Fig. 2). ~'Iany of these earth-
quakes generate enormous smfacc waves of the Love type, "ith periods 
of more than 1 minute and amplitudes measured in centimeters e,·en at 
distant stations (G wans). Those of the earthquake of October 3, 1931, 
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are discussed in detail in a previous paper (Gutenberg and Richter, 1934), 
11·here they are tentatively attributed to the displacement of large cru tal 
blocks. 
Oceanic troughs, and most of the active epicenters, lie to the south of 
the Solomon I lands and Xew Hebrides, or on the side away from the 
pacific basin. This is contrary to what i found on the east face of the 
Tonga salient, on the coast of Japan, and else\Yhere on the Pacific bound-
ary where the relation of focal depth to epicentral position also appears 
to be opposite to that in the present region. Intermediate shocks in the 
Solomon Islands are usually at depths near 100 km. West of the north-
,restern island of the group (Bougainville Island) are three shocks at depths 
near 400 km. It is natural to associate these "ith shocks at nearly the 
same depth in the Bismarck Islands northwest of them. 
The Bismarck Islands clearly indicat e a change in the seismic belt as 
well as in the geographical and geological relations. The northeastern 
island, Xew Ireland (Keu-:\Iecklenburg) is on the general line of the Solo-
mon Islands, and the activity pattern is fairly imilar, including the deep 
shocks just mentioned. It has been sugge ted that the shocks near Xew 
Ireland, including an additional shock at 1° S. 152° E . (193 , Feb. 7, 
1: 19: 04, B d) are on an extension of the seismic belt following the :\fari-
anne Islands. However no shocks, deep or shallow, have been found in 
the intervening gap across the Caroline Islands. Our data are till mani-
festly incomplete, especially for deep shocks. 
The few shocks associated " ·ith the larger island of Xew Britain (Xeu-
Pommern), appear on the map as if a.c:sociated \Yith the t rough on the con-
wx side of the curved island structure. These, with the shocks along the 
north coast of Xew Guinea follow a volcanic belt (Fisher, 19-10). 
CAROLINE ISLA"1DS 
The passage of a branch of the circum-Pacific belt from Xew Guinea 
to the western Caroline I lands is a little uncertain, and it is not yet pos-
sible finally to reject the older 'iew which prolonged the extremely active 
belt of the :iVIclanesian islands directly into the equally active region of 
the East Indies. The reasons for this rejection are largely ba ed on the 
. tructure of the complicated region between Halmaheira, Ceram and Xew 
Guinea, across which such a connection must be drawn. That almo t 
inactive and e>..-tremely active segments follow one another in the same 
branch is no difficulty; several instances of the sort ha,·e been given in 
following round the Pacific. 
u ndoubtedly the boundary of the Pacific basin runs northward in this 
region, and the Philippine basin northwest of the Caroline Islands covers a 
region predominantly of continental type, perhaps comparable with that 
in the southeast Pacific between South America and the Easter Island 
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TABLE 10.-Additional earthquake epicenters in the Jlarianne and Caroline Isla~ 
Epicenter I Date Time Quality Class Latitude, Longitude. 
degrees degr-
-1930, Oct. 3 18:09:10 2 x. 135! E. C- c 
1928, Xov. 15 02:32: 1 2 X. 133 E. c d 
1930, ~larch 30 00:26:45 11 x. 141 E. B c 
1929, Dec. 31 01 :03:57 11 x. 141 E. B+ c 
1930, ~larch 31 23:44:58 12 x. l+l E. C- c 
1925, July 17 03:13 :53 12 x. 141! E. c c 
1925, July 17 22:31:04 14 X. 142 E. C- c 
1928, Feb. 13 05:33:37 11 x. 141 E. c c 
1929, J an . 17 22:28:42 12 x. 144 E. B c 
1929, l\Iay 1 07:38:41 14 x. 147 E. c c 
1928, Oct. IO 20:36:30 13 x. 146 E . c d 
1927, July 17 08:4 :33 13 x. 141 E. c c 
192-1, J an. 30 04:47:43 13 X. 144 E. c c 
1921, Feb. 10 23:53:45 1 x. 14 E. c d 
1930, Oct. 28 21: 10:22 1 t X. 147 E. A c 
1930, Oct. 29 12:29:36 19 x. 148 E. c d 
1920, Jan. 12 13:39:58 23 X. 144 E. c d 
1926, April 22 23:47:52 23 x. 145 E. c c 
1929, ~larch 9 02:11:51 2-l! X. 142! E. B c 
1927, Feb. 22 19:54:16 2~ x. 144 E. c c 
1924, April 25 18:04:59 27! x. 142 E . c d 
1928, Sept. 19 08:15:4 29 x. 142 E. c c 
1929, i\Iarch 14 18:37: 16 2 x. 139! E. c d 
1928, J an . 26 18:50:39 29 x. 143 E . c c 
1925, ~lay 20 11:04:4 30! x. 142} E. B c 
1925, ~lay 22 09:40:10 30~ x. 142 E. B c 
1927, . .\.pril 27 19:16: 17 30! X. 142 E. B c 
1927, i\Iay 16 12:01 :05 30 x. 142 E. B c 
1927, ~lay 1 09:25:10 30! x. 142 E. c d 
1927, ~fay 20 22:09:1 30! X. 142 E . c d 
1924, June 22 13:23:53 31 x. 143 E. c c 
1927, Oct. 31 13:25: 10 29 x. 142 E. c d 
1926, ~lay 7 06:11:28 31! x. 141 E. c c 
1921, Sept. 3 08:58:00 33! x. 143 E. c c 
1926, June 21 08:4 :52 30 X. 142! E. c c 
1927, Oct. 24 19:05:32 33 x. 143 E. c d 
1927, Oct. 2 15:22:56 33! x. 143 E. c c 
1927, Oct. 12:26:10 34 X. 143 E. c c 
1929, ~larch 1 23 :21:02 3~; 'X. 143! E. B c 
1924, Aug. 6 14:22:30 3 x. 141 E. c c 
1935, Sept. 9 06:17:33 7 x. 140 E. B c 
1936, April 12 20:51:00 x. 137! E. A b 
Ridge. The boundary is indicated by the andesite line, which certainly 
runs north of ::\Ielanesia, and east of the l\farianne Islands as far south as 
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Guam. The western Caroline Islands, including Yap, are andesitic; the 
ra"tern Carolines are islands of Pacific type, so that the andesite line and 
the Pacific boundary must run between the two group . Whether the 
andesite line is continued southwesterly to a point north of western ~ew 
Guinea, as drawn by Born (1933, p. 766), or more nearly south, as drawn 
by Chubb (1934), seems to be rather arbitrary, as there appear to be no 
data bearing on the point. The seismological evidence, as "'ill now appear, 
:;lightly favors Born's interpretation. 
Shocks in this region are relatively infrequent. Figure 7 shows the 
result of investigating every hock indicated in the International Summary 
or recent station bulletins as occurring in or south of the Caroline Islands. 
All verified epicenters in this area are shown,--except that near Guam, 
\rhere the activity increase (Repetti , 1939) minor shocks are omitted. 
The critically important area shows only shallow earthquakes, although 
deeper shocks occur both in the :Melanesian belt and in the :.\larianne 
Islands from Guam north. The activity is very slight on the whole, 
increasing in the western Carolines between Yap and Guam. One great 
shock (that of 1911, Table 5) is shown near Yap. A shock off the west 
point of ~ew Guinea (August 10, 1927) is from Table 4. 
Fortunately, two epicenters have been wrified in the othernise com-
plete intenuption of the actiYe line bet,reen Xew Guinea and Yap. One 
of these (Xovember 15, 1928) i ' directly in the suggested line, at 2° ::\. 
133° E. It is fairly well recorded; the data, in good agreement, are sup-
port ed by those of another shock from the same source 5 hours later. The 
shock of October 3, 1930, at 2° X. 135!0 E. , is not so good a case; but 
the data place it definitely ea t of the 1928 shock. At 7° ::\. 140° E . is 
an epicenter clearly southeast of Yap, in a position similar to that of the 
1930 shock. This one (September 1, 1935) i well recorded, and the 
location is good. All three epicenter;; together support the hypothesis 
that a fairly wide active belt lies ju't southeast of the line from We tern 
Xew Guinea to Yap. 
)!ARIANNE ISLAXDS TO JAPAX AKO KA.llCHATK..\ 
The earthquakes of Japan, included partly here and partly under the 
ne:-..i head, are difficult to summarize in a general discu sion. The unusual 
wealth of material naturally results in making the treatment of this region 
:-omewhat more detailed than that. of other areas of equal importance. 
In certain local areas eismicity reaches a peak hardly exceeded else-
where. :.\Iany of the shocks are large, and could be located enn without 
the help of the numerous seismological stations of Japan. On the world 
map (Fig. 2) shocks of 1931- 1933 which should ha,·e been mapped were 
;;o numerous that it was not possible to indicate them separately. In 
spite of their larger scale, the same difficulty arose at some points on 
Figures 7 and 8. 
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Deep and intermediate hocks are wry numerou . :\Io t of the shocks 
in the list by \Yadati (1940) are included, but intermediate earthquakes in 
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chis area since 1933 have been investigated only when large or well re-
corded, or when the epicenter appeared to be wmsual. 
Table 11 contains additional shocks in the Kurile Islands, resulting from 
e~amination and revision of epicenters located in the International Sum-
rnary in the Pacific basin area. As in other regions, unusual epicenters 
T .\BL E IL- Additional earthquake epicenters east of J apan and the K urile l slanM 
I Epicenter De.y Time Quality Class Latitude, Longitude, 
degrees degrees 
1929, :.\larch J.1 14:14:55 .W X. 146 E . c d 
1930, August 21 15:05:20 44 X. 148 E. c d 
1929, July 25 15:07:54 47 N. 153 E. c c 
1925, J an. 31 17:00:40 45 x 149 E. c d 
1921, J an. 2 07:06:40 -13! K. 150 E. c c 
1922, :.\lay 5 00:1 :45 -17 X. 151 E. c c 
1930, April 2-l 00:23:45 47 X . 150 E. c c 
have all been revised ; a number of misinterpreted deep-focus shocks have 
been found in this way. 
Historical data for Japan are more significant than for most seismic 
areas, since the records kept for centwies include many shocks of great 
magnitude, which are important and useful in studying the relation of 
present activity to that in the past. For the larger facts of this kind see 
Imamura (1937, especially p. 144-150). 
Extending north from Guam are two eismic belts, geographically re-
lated in a way which apparently is not duplicated anywhere else. There 
is an eastern belt of shallow and intermediate earthquakes, and a western 
belt of deep shocks, which diverge as they go northward, take entirely 
different courses, and approach once more near Kamchatka. They will 
now be discussed separately. 
From Guam the belt of shallow and intermediate earthquakes follows a 
series of island groups, where the nomenclature is very unsettled. Guam 
is the mo t southerly of the ~Iarianne Islands, which for some reason are 
more commonly referred to as the ~Iarianas, and occasionally by the 
older name of the Ladrones. ::\ orth of these are minor islands and groups, 
among \\·hich are those formerly generally referred to as the Bonin Islands, 
but now more commonly called the Ogasawara-jima. Approaching the 
mainland of Japan the belt passes still other islands, including Hatidyo-
zima (with many variant spellings4) and lastly the group of the Idzu 
• Such as Fatsijo-shima. The practice of the Japanese themselves, not to mention that of foreigners, in 
transliterating local names into the Occidental alphabet, is extremely variable; many of the older and more 
familiar spellings are now little in use. Fujiyama is hardly reoogni•able as Mount H uzi, and the reader in 
sei!;mology must learn that Tu and Tsu are the same. The syllables spelled "'shims." "sima," " zima," 
"jima" form the Japanese word for " island." 
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Shichito. The belt continues along the east coast of Honshu, and by way 
of the Kurile Islands to Kamchatka. 
Between Guam and Honshu the general seismicity i not so high as far. 
ther north, and shallow shocks are relafo·ely le frequent, with deep and 
intermediate shocks constituting a large fraction of those recorded. Sorne 
shocks listed as shallow may be at lightly greater depths, about 70 Ion. 
The plurality of deeper shocks here is so striking that the International 
Summary has been searched for shocks along this line; all these, except a 
few near Guam, have been investigated, and catalogued as shallow or 
deeper when sufficiently well recorded. The additional shallow hocks of 
this group are listed in Table 10. The shallow shocks occur east of the 
island chain, and the intermediate shocks more nearly along the line of 
the islands, while the belt of deep shocks lies farther west. Thus the 
shallow shocks are on the edge of the Pacific basin, near the andesite line 
and depths increase on receding from it. In all these respects the seismi~ 
conditions are similar to tho e on the Pacific coast of South America. 
The belt of shallow and intermediate shocks reaches Japan proper in the 
region of Tokyo. Here and in the remainder of its course we encounter 
the high activity, which reaches a maximum off the east coast of Honshu. 
Five great shocks, taken from Table 5, appear here; these are in order the 
Tokyo or Kwanto earthquake of 1923, the Sanriku earthquake of 1933, 
and the three shocks in the Kurile Islands and Kamchatka in 1918, 1904, 
and 1923. Some of the intermediate shocks are of great magnitude. On 
May 1, 1915, at 05 :00.0, a shock occurred in the Kurile Islands near 47° 
N. 155° E. This shock would be assigned magnitude 8 from the reported 
amplitudes of the surface waves; however, the data suggest intermediate 
depth, without being sufficient to establish either depth or epicenter ac-
curately, so that the shock does not appear in any of our tables. The 
earthquake of January 13, 1929, south of Kamchatka ( 1 0. 168) was 
equally large, and had a well-determined depth of 1-!0 km. 
The shallow shocks of this group occur chiefly ill\ the outer or Pacific 
margin of the active belt; many of them are on the western edges of the 
oceanic troughs off these coasts. An exception is provided by the hocks 
of the Kwanto district, including Tokyo. Some of these are at depths of 
about 70 km., but others are certainly shallow. 
~lost of the intermediate shocks of the entire belt, from Guam to Kam-
chatka, occur directly under the well-known volcanic band which includes 
all the smaller islands mentioned and runs inland in eastern Honshu, 
thence through the Kuriles. Here again the eismic activity follows the 
inside of the andesite line, which eparates it from the inactive Pacific 
basin. As in some other regions, deep oceanic troughs associated with 
high seismicity are accompanied by large gravity anomalies (Matuyama, 
1936). 
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A few shocks at depths of 200 km. and more occur inland or in the 
Japan Sea, far from the main belt of intermediate shocks. These appar-
ently are not associated "ith the belt of deep shocks discussed below, but 
suggest an inner belt of intermediate shocks parallel to the main outer 
belt, somm.vhat similar to the belt of shocks at about the same depth under 
the eastern Andes. 
The abundant historical data demonstrate the existence of three chief 
zones of destructive earthquakes, most of which must be at shallo·w 
depth. One of these zones is that lying off the Pacific coast of eastern 
Honshu. Here the larger shocks are destructive on land, and are fre-
quently followed by still more destructive seismic sea ·waves (tsunamis). 
An important, but less active, second zone follows the northern and western 
coast of Honshu, along the Japan Sea. This is represented on Figure 8 
by the following shocks: 
1933, July 13 07:57 :-!0 -t,W X. 1381° E. A c 
1933, Sept. 21 03:1-l:32 37° ~- 137° E. A (' 
1933, Oct . 3 1 :38:58 37t0 X. 1381° E. A c 
1939, ~lay 1 05:58:33 -10° K. 1391° E. A c 
19-lO, Aug. 1 15:08:21 44!0 X. 139° E. A b 
1940, Aug. 13 15:36:-!0 36° x. 132° E. B c 
and by the Tango earthquake of 1927 (Table 5), which is probably the larg-
e5t of these shocks during the historical period. This zone is more natur-
ally associated with the \Yestern main branch of the Pacific belt. It 
appears to ha\'e secondary branches of its own, which strike southward 
into eastern Honshu north of Tokyo, and may possibly account for the 
Ehocks of the Tokyo region. ..\.ll shocks of the Japan Sea coast appear to 
be shallow; for the Tango earthquake there is no doubt of this, since fault 
displacements occurred at the surface. The same applies to the :\I ino-
Owari earthquake of 1891, which is the outstanding shock of the third 
chief belt of shallow earthquakes. This belt crosses Honshu near its 
narrowest point, about Long. 137° E.; Figure 8 shows no shocks associated 
with it. 
The remarkable structure known as the Fossa :\1agna is a zone of fissur-
ing and volcanic activity e>..i.ending from the Idzu peninsula through Fuji-
yama directly across Honshu. Geographically, it is an apparent continua-
tion of the volcanic belt extending from the Marianne Islands to the 
Idzu group. Earthquake activity near the Fossa Magna is shallow, 
some of it being clearly superficial and volcanic in origin. Figure 8 shows 
shocks in the zone only near the coast west of Tokyo, about the Idzu 
peninsula. There is a marked difference in geology and possibly in the 
crustal layering on the two sides of the Fossa :\Iagna. The :\Iino-Owari 
seismic belt and the transverse belt of deep shocks are far to the west of it. 
In the ::VIarianne Islands, deep earthquakes in the restricted sense are 
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repre ented by two well-obserYed hock at depths of 520 and 570 hn. 
(Xo . 171 and 171f). The continuous belt of deep shocks begins north of 
the ~Iarianne Islands, in Lat. 24 °. Depths range from 300 to over 500 hn 
with many shocks near 400 km. The belt crosses Honshu west of th~ 
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FIGURE 8.-.llap of epicenters, J apan to Kamchatka- • 
l\Iino-Owari shallm,· earthquake zone. Here there have occmred some 
of the best observed of all deep-focus earthquakes, at depths near 360 km. 
Several of these shocks have been large enough to record at many distant 
observatories, at all the chief stations in Japan, and at 10 to 15 local sta-
tions within 2 degrees of the epicenter. Just east of these are some of the 
intermediate shock already refened to, at depths less than 300 km.; the 
two ct of epicenters are clearly eparated geographically, so that the 
300-kilometer le,·el, as originally elected by " . adati, remains the be-t 
choice for the separation between intermediate and deep shocks. 
The main belt of deep shocks extend across the Japan Sea, although the 
depths of the wry few shocks in that part of it course are hard to deter-
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111ine accurately. The belt extends past the Asiatic coast into ).fanchuria, 
1rhere it ends, or makes a right angle t urn , or intersects another similar 
belt, according to one's preference in interpreting the data. In this Man-
churian area shocks at greater depths, down to nearly 600 km., are more 
frequent. From here the Soya deep-focus zone of Wadati (1940), trends 
northeastward. The shocks appear to be actually fewer in number than 
those of the transverse zone crossing Honshu, although the smaller number 
of epicenter!> here is partly due to the greater distance from the stations of 
central Japan. Some e,·idence of separation into a northern and a south-
rrn line exists. The former at first remains inland, reaching the Asiatic 
coast at about 140° E . ; it should cross Sakhalin near its center, where no 
rpicenters are known at present, and appears to be continued across the 
Sea of Okhotsk into western Kamchatka, where the map shows the most 
northerly knmm deep shock, with a not very well-determined depth near 
3-!0 km. C~o. 227). The southern line leaves the mainland more directly, 
and passes near the straits of Soya between Sakhalin and Hokkaido. 
Here shocks near 400 km. are fairly frequent; beyond, the line enters the 
Sea of Okhotsk, where the focal depths of some shocks are below 600 k:rn. ; 
these are the deepest earthquakes in the entire Japanese area. 
JAPAN, FORMOSA, AND LUZON 
On reaching Kamchatka the circuit about the Pacific is complete; but 
we have yet to discuss the great western branch of the circum-Pacific belt, 
di,·erging from the eastern branch in central Japan, passing by way of 
the Philippines into the East Indies, and possibly connecting through the 
Sunda Islands and Burma with the trans-Asiatic zone. 
This branch clearly accounts for the shocks along the Japan Sea coast 
of western Honshu, including the large Hamada earthquake of 1872. 
Probably it includes the locally strong shocks which are not rare in and 
near the Inland Sea north of Shikoku, especially near 34 ° N. 133° E.; 
one of the largest of these occurred on June 2, 1905. 
).fost maps of the seismicity of J apan show a submarine active belt in-
cluding the shocks off the east coast of Honshu, but continuing along the 
entire Pacific coast of the islands past Shikoku to Kiushiu. Figure 8 does 
not suppor t this. The absence of epicenters of large shocks between 
Kiushiu and central Honshu was verified by careful investigation of epi-
centers in the International Summary between the limits 30° and 35° N., 
132° and 136° E. All of these were found to be imperfectly recorded and 
doubtfully located shocks, or else small shocks near the recording stations. 
Such local shocks are of no use in studying the seismic belts of Japan, as 
they occur in the vicinity of every recording station, and many of them are 
clearly volcanic in origin. 
The map shows one intermediate shock in the questioned part of the 
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Pacific coastal belt, at 33° X. 135!0 E . This is the Wakayama earthquake 
of January 11, 1938 (l\Iinakami, 1938). Incomplete instrumental data 00 
this shock fix the epicenter within about a degree and suggest a depth of 
about 70 km. This is only tentatiw; the shock may be shallow. 
Over a limited period, the epicenters of even moderately large hocks 
may fail to indicate an important eismic zone; thus the ::\lino-Owan 
transverse belt is not represented on our maps. Ho\\·eyer, there is reason 
for supposing the Pacific activity off Shikoku to be different in kind from 
that farther northeast. Here there are no notable oceanic troughs, and 
no large graYity anomalies. Xevertheless, some trong shock are com-
monly assigned to the hypothetical continuation of the coastal belt. or 
these, perhap the most com-incing is the very great earthquake of liOi 
which was e>..iremely violent on Shikoku and on the Kii peninsula east of 
it, and of high intensity in a wide area. This shock was followed by 
destructive tsunamis which entered the channels on both sides of ShikoI..11. 
All this would be quite consistent with an epicenter near that of the 1938 
Wakayama shock; but such que tions must be left to the Japanese in-
vestigators. 
West of this problematic region of Shikoku i the unquestionably active 
island of Kiushiu. From here a fairly continuous s~ismic belt exiends pa.st 
Formosa to Luzon. Figures 8 and 9 show all known intermediate shocks, 
and selected shallow shocks. The foJlo,\ing shallo\\· !"hock has been 
added: 
Aug. 28, 192-1 23:50:36 131° E . B c 
This may belong to the Japan Sea coastal belt. A shock near this point 
on September 25, 1928, is giwn as shallow by Wadati (1931); records at 
distant stations suggest a depth of 100 km., so that this shock has not been 
included in any of our list . Xear-by is shock Xo. S 29 p (January 23, 
1937), doubtfully assigned a depth of 100 km. 
The belt from Kiushiu to Luzon shmvs Yery uniform seismic characteris-
tic throughout. Shallow shock- occur on the eastern or Pabific side of 
the belt, with numerous intermediate shocks, chiefly at depths from 100 
to 200 km., on the opposite side. Thus the line of intermediate epicenters 
runs definitely north of the Riu-Kiu Islands, while the shallow shocks are 
rather to the south of them. Clear exceptions are t he shock off the east 
coast of Formosa (Xo. 136 g, depth 130 km.) and one near the Batan 
Islands north of Luzon C~o. 136, December 21, 1930, depth 170 km.), 
which i very well located and clearly farther to the east than might be 
expected. The belt probably does not pass directly from Formosa to 
Luzon; Repetti (193lb, 1935) draws seismic and structural lines here with 
a northeast-southwest trend, and this offset or curvature may account for 
these seemingly anomalous epicenters. Xo trne deep shocks are known 
from this area. 
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In addition to shallow and intermediate tectonic earthquakes, Kiushiu 
is ,;.sited by strong volcanic shocks. An important question is raised by 
the large Kagoshima earthquake of J anuary 12, 1914, which accompanied 
an eruption of the near-by volcano Sakurajima. This shock had a large 
area of perceptibility, and sufficient energy to be well registered at Euro-
pean stations. It might be regarded as a purely tectonic shock, and its 
0ccunence during an eruption as fortuitous; but similar instances are 
known, such as that of 1868 in Hawaii. 
Intermediate shock Ko. 138 p (June 15, 1911), mapped at 29° N. 
129° E., was originally in our list of great shallow shocks. It was destruc-
ti,·e on the small island of Kikai, over 1 degree from the instrumentally 
determined epicenter. 
Formosa, or Taiwan, is a region of higher activity than the adjacent 
parts of the seismic belt, exceeding most regions of Japan in frequency and 
magnitude of the recorded shocks. The two great shocks of 1920 and 1922 
are taken from Table 5. Two others, not large enough to be included in 
that list, are of interest for their effects. That of March 16, 1906 was 
accompanied by visible faulting along an east-west zone in west central 
Formosa (Omori, 1907b). That of April 20, 1935, was accompanied by 
block faulting in the northwest part of the island; it is the subject of two 
special publications. One, completely in the Japanese language, was 
published at Taihoku in 1937; the other contains a few abstracts and tables 
in English, and was published in 1936 as supplementary volume No. 3 of 
the Bulletin of the Earthquake Research Institute (Tokyo). In these 
t\\·o cases shallow focus is consequently thoroughly established, which is 
important in a region where intermediate shocks are known to occur. 
Formosa occupies a sharp bend in the seismic belt, presumably associated 
11-ith an intersection of the east-west structures, just alluded to, and the 
more conspicuous structures longitudinal to the island. 
Useful historical data are available for Formosa only in comparatively 
recent years. In the Philippines, on the other hand, records for more 
than three centuries are available (Maso, 1927a; 1927b); the region is very 
active; the seismicity being comparable with that of Formosa and most 
parts of Japan. Recent earthquakes and instrumental epicenters have 
been discussed in a series of papers by Repetti (193la; 1931b; 193lc; 
1932; 1935; 1940). 
The active belt plainly continues along the west coast of Luzon, where 
the intermediate shocks in general occur farther from the Pacific than the 
shallow ones, ·with the result that their epicenters fall off shore in the China 
Sea, while the shallow shocks are close to the coast. 
PHILIPPINES AND MOLUCCAS 
The distribution of seismic activity, some of which is very intense, has 
an important bearing on the complicated structural problems of the large 
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area discussed in this section. This is roughly triangular, with the Philip. 
pines at the northern apex and the base extending from Borneo over Celebe 
to the :Moluccas. Figure 9 is complete for intermediate and deep shocks· 
for shallow shocks supplementary data '"ere given in Table 12. ' 
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FIGURE 9.-Map of epicenters, Formosa, Philippines, and East Indies 
For studying the high activity of the Philippines a large body of data 
assembled at Manila is available. (See papers by Repetti and l\Ias6 
referred to above.) Macroseismic observations are regularly collected, 
and three secondary stations are maintained which supplement the seismo-
grams of the chief station at Manila. Because of the different state of 
culture, and the smaller number of active stations, data for the Philippines 
are less complete than for Japan; but they compare well with those for 
most other regions of equal seismicity. 
The active belt descending from Formosa along the west coast of Luzon 
turns sharply to the east and follows the eastern margin of the Philippine 
group to the ~foluccas. However, "·est central Luzon appears to be a 
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region of intersection of two sei~mieally active ~tructural belts, not unlike 
the region of intersection in Formosa. 
Shallow and intermediate shocks continue down the west coast to :.\Iin-
doro; but there is no evidence for ~eismicity in the structural belt which 
T .\BLE 12.-Additional earthquake epicenters in the Philippines a11d the East Indies 
Epicenter 
Day Time Quality Cl0& 
Latitude, Longitude, 
degrees degrees 
1925, April 2"2 23:10:-12 ! S. 129 E. c c 
1927, June 11 02:32:09 H 130 E. B c 
1924, Feb. 13 22:50:13 2! 122 E. B c 
192-1, July 29 05:1 :-15 2! 120 E. B c 
1!)25, Dec. 29 16:0-1: 11 It 120! E. B c 
1936, July 6 18:21:01 ! 126! E. B d 
1938, >lay 19 17:0 :21 1 S. 120 E. B b 
192-t, .·\pril 13 13:-1 :00 ! X. 117! E. A c 
1913, :\larch 1-t 08:-15:00 -t! X. 126! E. B b 
1930, July 21 14:06:02 7 X. 11-t E. n c 
1919, .\pril 27 00:22:05 11 X. 123 E. c c 
1937, Aug. 20 11:59:16 1-11 :\". 121! E. A b 
1936, Oct. 19 12:0-1: 17 2 S. 127 E. B c 
1938, June 9 1!):15:0 3 127 E. A b 
1935, Dec. 29 23:37:20 3! S. 12 j E. B c 
1936, Xov. 30 23:45:-t 2 s. 126 E. B c 
1935, >larch 16 07:50:12 -1 s. 129 E. B d 
1!)38, Aug. 30 17:08:.J.2 -t S. 128~ E. B d 
1930, Xov. 9 19:08:3 ; 8. 132 E. A c 
193-t, July 19 01:27: 35 ! .. 133 E. B b 
1936, Feb. 15 12:-16:57 
-t! S. 133 E. B b 
1937, Xov. 5 09:28:30 -t S. 13-t E. c c 
1926, Dec. 1-t 17: 10:32 12 S. 121 E. c c 
1923, April l!) 03:09:08 2! X. 117! E. B b 
hPre branches off to the south\Yest, passing through Palawan to Borneo. 
Borneo itself is part of an old stable land mass, discussed in a later section. 
The principal active belt in the eastern Philippines is associated, di-
rPctly or secondarily, \\;th a great fracture system referred to by Willis 
(1937; 19-10) follo\,;ng Becker, as the Philippine Fault. Repetti (1935) 
calls it the ~laster Fault, and draws it northwest across central Luzon, 
thus emphasizing the structural intersection in the west. This line in-
cludes the earthquake of August 20, 1937 (Table 12), which caused damage 
at :.\fanila and was destrucfo·e farther east. In its southern course, pass-
ing :Mindanao, this seismic belt has all the characte1;sties associated ";th 
thC' most actiYe regions on the boundary of the Pacific. To the east is 
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the deepest oceanic trough known, the :.\Iindanao Trench (Philippine 
Deep), associated \Yith large negative gra\'ity anomalies (:.\Ieinesz, et al 
1934); the hallow shocks occur principally on the marginal shelf betwee~ 
this deep and the islands we t of it. The sei micity increases southward 
reaching a high maximum off southern :.\Iindanao, where tviO great shoe~ 
(1918, 192-1) are taken from Table 5. Farther west is the great fracture 
system, near which there is active and recently extinct volcanism, and a 
few shocks at intermediate depth are known. Still more to the west is a 
north-south line of shocks at depths from 300 to 610 km. 
Despite the conspicuous and characteristic development here of all the 
characteristics of Pacific marginal tructure the Philippine Basin is con-
tinental and not Pacific in character, although it may inClude isolated 
small regions of Pacific type. Except for the higher seismicity this is 
similar to the conditions on the South American coast. Many of the same 
characters are developed along the Sunda arc, discussed i.n the following 
ection, where the area external to the arc is certainly not Pacific. 
An epicenter at 11° X. 123° E. (Table 12) represents an active area in 
the central Philippines. There are historical accounts of \iolent earth-
quakes here, on the island of Panay, particularly in 1621 and 1787. 
The shock in the Sulu Islands, at 6° X. 121° E. (Sept. 15, 1932) was 
felt strongly on Jolo, and was perceptible on :.\Iindanao. Other shocks 
are known here. 
South of Mindanao the complexities increase, and any interpretation of 
the epicenter is necessarily influenced by the upposed structural trend 
lines, particularly as shown by the forms of island arcs and submarine 
troughs, and by the recent data on gravity anomalies (:.\leinesz, 1933; 
1940). Shocks are frequent, and often large; but the structures are so 
closely involved that an error of 1 degree will often greatly affect the struc-
tural interpretation of an epicenter. Such errors, and e\·en larger ones, 
are probable in most cases. There is only one station local to the most 
important area, at Amboina (south of Ceram) ; the station at Butuan on 
Mindanao is not sensitive enough to be of much help, and the next nearest 
stations are :.\Ianila, Palau (Caroline Islands), Batavia (Java), and Bris-
bane (Queensland). Few such areas exist where the establishment of a 
network of local stations might reasonably be expected to yield much in-
formation of a sort which would bear on structural and dynamical problems 
the world over. Reports of shocks felt here are difficult to use, on account 
of the relatively small land area and the frequent deep-focus earthquakes. 
The earthquake of :.\farch 1-1, 1913 (Table 12) was violent in the Sangi 
Islands and on Mindanao, with a very wide area of perceptibility. The 
calculated magnitude was not quite large enough for inclusion in Table 5. 
The belt of shallow shocks can be traced from :.\Iindanao past the Sangi 
Islands to a point off the northeastern promontory of Celebes. Xote 
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chc great shock of l\1ay 1-1, 1932 (Table 5). The belt of negative gravity 
anomalies runs southward to the east of these epicenters, accompanied by 
an oceanic trough less well marked than the great deeps to the north of it, 
and then swings southwestward toward Celebes. 
The occasional large shocks on all sides of Celebes are difficult to assign 
to definite seismic belts. That of December 1-1, 1932, mapped at 2.4° ~-
121° E., is large and accurately located. Just south of Celebes is the large 
shallow shock of March 3, 1927 (Table 4). With these should probably 
be included such historical shocks as that of 1820, destructive at l\Iakassar 
and followed by a tsunami. (See, Sieberg, 1932a, p. 843). The deep shocks 
in the same area will be discussed with the Sunda arc . 
.-\. belt of intermediate shocks follows the northern peninsula of Celebes 
and e>..'tends eastward to Halmaheira, follo"·ing a well-known volcanic 
line which cuts across the structures associated with shallow earthquakes; 
from Halmaheira this belt turns north tmrnrd the Philippines, here running 
on the east side of the belt of shallow shocks. ~ear the parallel of 2° K. 
north of Celebes are three shocks at depths of not quite 300 km. Still 
farther north are two shocks at depths of 600 and 670 km., these may be 
associated with the north-south belt of deep shocks in the Philippines. 
The current suggestion is that the structural belt follmrnd by shallow 
earthquakes swings east from central Celebes, and runs round the Banda 
Sea to connect >Yi th the Sunda arc. This is very speculative; certainly 
the epicenters, as mapped, would leave plenty of room for connections of 
different character. 
SUNDA ARC 
The seismic area of the K etherlands East Indies is bounded on the south 
by epicenters in the structural belt which runs from Ceram round the 
Banda Sea, thence west by way of the Lesser Sunda Islands and the coasts 
of Java and Sumatra to the Nicobar and Andaman Islands. 
Shocks are more frequent about the Banda Sea than Figure 9 suggests. 
Locations are not easy here; e,·en when the depth of focus is well deter-
mined. Uncertainty as to the focal depth is common, and seriously af-
fects the accuracy of the resulting epicenters. One great shallow shock 
is well located (Feb. 1, 1938; Table 5). This and other shallow shocks are 
near the Weber Deep. The belt of negatiYe gravity anomalies follows 
the same course round the inside of the structural arc. Shocks at inter-
mediate depth are here most frequent on the south side of the Banda Sea, 
"·here they seem to align with the east-west trend of the main Sunda arc. 
The deep shocks mapped in the Banda Sea east of 125° originated at depths 
from 370 km. to 500 km. 
The seismicity of the Sunda islands from the Banda Sea to central Java 
is only lightly indicated on Figure 9. l\Iost of the shocks are either shallow 
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or in the upper part of the intermediate range-which, it is generally not 
possible to decide. Historical data indicate moderate activity here, in-
cluding the subsidiary arc which e:'..i:ends on the south side through Sumba 
and Timor. 
T.\BLE 13.- Additional earthquake epicenters near the Andaman Islanda 
-
I 
Epicenter 
Day Time Quality Class Latitude, Longitude, 
degrees degrees 
-1930, July 17 l-!:3-1:-1-1 ::\. 9-! E. B d 
1925, June 2 \3:-U:-15 11 ::\. 93 E. B c 
1925, :.I::ty 13 23:5-1:3-1 11 ::\. 92 E. B c 
1929, .\ug. 1 05:01:-18 10 X. !l3 E. B c 
1922, Oct. 17 06:37:5!) 12~ ::\. 96 E. B c 
rn2 , :.ray 19 03:2 :-12 13! ::\. 91! E. B c 
1927, July 2!l 00:03:11 15 X. 7 E. B c 
1926, :.Iay 29 22:37:32 15 ::\. 92 E . B d 
1935, ::\ov. 25 10:03:02 6 ::\. 94 E . B c 
1936, April 19 09:04:00 10! ::\. 93 E. B c 
1937. ::\o,-. 30 00:-!0:27 5! ::\. 90 E. B c 
l!l39, July 1 11:2-1:09 ::\. 93 E. B d 
Through the Flores Sea and Jam Sea, north of the islands, passes a belt 
of shocks at depths ranging from 600 to more than 700 km. (Fig. 9; Ber-
lage, 19-±0). This belt includes the deepest known earthquakes; of these, 
that of .June 29, 193-! near 7° S. 12-±0 E. (Xo. 109) is notable as a very great 
shock. Earthquakes at other depths occur associated with the belt, 
which presumably includes the shocks at depths from 370 to 500 km. in 
the Banda Sea. The shock outh of Celebes at 7! 0 S. 120° E. (Xo. 105, 
Oct. 17, 1933) apparently is only -±20 km. deep. The large normal shock 
just outh of Celebes can hardly ha.Ye any significant connection with 
these deep earthquakes. 
Increase in acti,·ity is notable off we tern JaYa, extending along the coast 
of Sumatra, where t\rn great shocks are indicated on the map, and others 
are known from historical data. Because of the proximity of the prin-
cipal station at Bata,·ia, epicenters here are more accurate than in many 
other parts of the East Indie , and many authors have endeavored to 
determine the relation bet\\·een the earthquakes and the submarine 
troughs, minor island chains, and gra,·ity anomalies off the e coasts. 
(See ~[cinesz, cl al. 193-±) . Before the establishment of the stations it was 
commonly suppo,cd that the trong hocks of Sumatra and J ava originated 
on tho"c islands; but it then became eYident that the epicenters of most of 
the larger shallo,,· hocks are offshore, and that the better located of these 
arc close to the chain of minor islands referred to, which is in the line of 
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the belt of large negative graYity anomalies. However, shocks at depths 
of 70 to 100 km. are also frequent, and their epicenters are closer to the 
coast, or even inland. At 4° X. 99° E., on the northea t coast of Sumatra, 
j5 a shock with depth of 200 km. (Xo. 102, .July ..J., 1936). 
The Sunda arc e:d,ends into the Xicobar and Andaman Islands; but the 
;eismicity is distinctly lower here than off Sumatra, o that a search has 
been made for additional shocks (Table 13; see also the great shock of 
June 26, 19..J. l, 11: 52, probably near 11° X., 93° E.). The Line of epicenters 
{ollo\YS the islands, but those near 15° X. are rather farther \Yest than might 
be expected, and further continuation of the line is doubtful. On the other 
band, a line of shallow shocks, ome of them large, extends just east of the 
meridian of 96°, from a point north of Sumatra, across the shallow sea and 
far into Burma. 
THE TR.-\XS-ASIATIC ZOXE 
GENERAL STATEMEXT 
The earthquakes of continental A ia present the only important excep-
tion to the rule that the principal seismicity of the globe is aligned along 
comparatively narrow belt . In eastern Asia is an area thousands of miles 
wide, '"ith shocks of moderate to large magnitude along so many structures 
1rithin it that on the scale of the world map they appear to be i::cattered 
at random. 
This first impression is much modified on inspection of Figure 10. The 
~tructural lines shown arc taken from Born (1933), Willis (1939), Arni 
(1939), Clapp (1940), ~Iushketov, (1936a; 1936b), and Wilser (1928). 
Additional epicenters are from Table 1-J., and a few from Table 15. The 
distribution of seisrnicity is by no means random, but is closely related to 
the major structures. There is greater activity, in number and in magni-
tude of shocks, than in other similarly complex continental areas. 
The wide eastern area is roughly triangular, narro"·ing wesb,·ard as the 
8tructures converge toward the Pamir plateau. From the Hindu Kush 
westward the zone spreads again through Baluchistan and Iran, then con-
tracts and enters Europe through Asia ~Iinor. 
The zone as a whole is characterized by the only great shallo"· hocks, 
and the only shocks at intermediate depth, outside the Pacific belt. Xo 
shocks deeper than 300 km. haYe been found here. 
The rather well-defined southern limit of the zone is the southern front 
of the Asiatic belt of Alpide structures; the shocks near this front will be 
discussed first. 
THE ALPIDE BELT 
The frontal structures of the Alpide belt in southern Asia are a series of 
mountain arcs, convex to the south (except the Burma arc, "·hich is convex 
to the west). In spite of certain e\ident differences, these arcs are u~ually 
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TABLE 14.-A.dditional earthquake epicenters in Asia and the eastern Jfediterranea
11 
Epicenter I 
Day Time 
I 
Quality Class Latitude, Longitude, 
degrees degrees 
--
1925, Dec. 22 05:05:30 21 X. 101! E. B c 
1929, :\larch 22 03:03:54 24 x. I 103 E. c d 1927, .\larch 14 17:37:39 26 X. 103 E. B d 
1926, Aug. 11 05:47:35 29t x. 101! E. c d 
1927, July 2 20:3 :46 29! x. 101 E. c d 
1930, Aug. 24 10:51:16 30 x . 100 E. c d 
1930, April 28 12:59:27 32 X. 100 E. c d 
1928, July 19 20:13:50 31! x. 102! E . B c 
1918, Feb. 13 06:07: 13 24 x. 117 E. B c 
1927, June 2 16:37:34. 23! x. 81 E. B c 
1930, Sept. 22 14:19:11 25 X. 94 E. A c 
1930, Sept. 29 13:29 :00 22 x. 68! E. B d 
1926, :\lay 19 21:13:55 26! X. 59 E. B d 
1929, Oct. 29 05:53:39 27t x. 54! E. A d 
1930, May 11 22:35:46 27! x. 55 E . A c 
1930, April 15 09:56:27 29 x. 54 E. B d 
1927, July 7 20:06:24 27 x. 62 E. B c 
1927, :\-lay 9 10:31:47 27! x. 56 E. B c 
1928, Oct. 15 14:19:41 28! x. 67! E. A c 
1930, Sept. 2 1 :58:48 30 x. 51! E. B c 
1923, Sept. 22 20:47:38 29 X. 56! E. B c 
1924, Aug. 13 23:57:50 29! x. 90 E. B c 
1929, l\larch 25 03:47:04 29 X. 94! E. A d 
1928, Sept. 1 06:09:00 29 X. 68! E. B c 
1927, July 11 13:04:07 32 x. 35i E. A c 
1927, July 22 03:55:10 34.! x. 53! E. B c 
1929, July 15 07 :44:14 32 x 491 E. A c 
1930, :\-fay 9 07:07:22 34.! x. 32 E. A c 
1928, June 24 04:34:34 36 X. 71 E. B c 
1926, :\larch 22 16:24:10 36 X. 70 E. B d 
1928, Xov. 14 04:33:05 35 x. 73 E. B d 
1926, Aug. 6 22:45:54 35! x. 78! E. B c 
1926, June 4 06:50:58 35 x. 9! E. B c 
1921, April 20 16:04:20 34 x. 33 E. c d 
1924, Feb. 1 17:03:56 34! x. 34. E. B d 
1930, Sept. 1 17:43: 13 35! x. 81 E. A c 
1926, :\larch 1 14:06:09 35 x. 29! E. B c 
1920, Oct. 12 06:54:48 36 x. 81 E. B c 
192 , l\Iarch 7 22:43:24 37t x. 102 E . B c 
1925, Feb. 7 12: 1-1:58 37 X. 19 E. B d 
1929, Aug. 4 09:03:53 36 x . 31 E. B d 
192 , Aug. 23 06:15:55 36! x. 36 E. B d 
192 , Feb. 25 17:23 :5.S 37! x. 67 E. B d 
1924, Sept. 10 11 :59:30 37 ~- 32 E. B d 
1924, July 3 04:40:06 36 X. 84 E. B b 
1925, Aug. 7 06:46:37 38 x. 30! E. B c 
1930, Sept. 11 12:36:44 37 x. 31 E. A c 
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TABLE 1-1.-<Joncluded. 
Epicenter 
Day Time Quality Class 
Latitude, Longitude, 
degrees degrees 
1927, :.\larch 15 21:-l :35 38! X. 97t E . B c 
1925, D ec . 7 08:34:30 37 x. 76! E. B d 
1930, July 13 19:27: 17 33 x. 98! E. A c 
1928, i\Iarch 31 00:29:-17 3 x. 27 E. A c 
192-1, Se pt. 16 02:36:00 39 x. 70! E. B c 
1929, :.\lay 18 06:37:51 -10 x. 3 E. A c 
1927, April 30 13:56:47 38! X. 7 E. c d 
1928, Xov. 6 13:-12:35 -10 x. 53! E. B d 
1923, April 29 09:3-1:35 40 x. 37 E. c c 
1924, Sept. 13 14:34:05 40 x. -12 E. B c 
1923, Dec. 28 22:2-1:52 39! x. 68 E. B c 
192-l, July 6 18 :31:-19 40! X. 73! E. B c 
1929, June 13 22:15:51 -13 x . 66 E. c d 
1930, June 17 20:07:22 -13! X. 102! E. c d 
1929, Sept. -1 22:2-1:57 -13 :\. 67 E. B d 
1927, Sept. 23 13:5-1:20 
-12! x. 84 E. B c 
1!)24, July 12 15 :12:3-l 
-10! X. 73! E. B c 
1929, Feb. 10 17:20:16 4-1 x. 4-1 E. B d 
1929, June 3 20:29:-l7 -13 x. 67 E. A c 
1927, June 26 11:20:4 4-1! X. 3-lt E. A c 
1923, Sept. 1-l 12:57:31 4 X. 96 E. B c 
1928, Xov. 23 04:23:30 47! x. 30 E. B d 
1922, .. \ug. 25 19:29:-lO 50 x. 91 E. B c 
1937, July 31 20:38:-l-l 3-l! x. 115 E. A c 
HJ37, Aug. 1 10:-ll:OO 35 K. 116 E. A c 
193-l, June 13 22:10:20 20 x. 62t E. B b 
193-1, June 23 05: 19 :53 33 x . 92! E. A c 
193-l, Aug. 7 11 :-19:5 43 x. 87! E. B d 
193-l, Dec. 15 01:57:37 31! X. 39t E. A b 
1935, Jan. 3 01:50:26 30! X. E. B c 
1935, J an. -1 1-l:-ll :25 40! x. 27! E. A c 
1935, Ma rch 5 22:15:57 30 x. 80 E. B d 
1935, April 11 23:1-l:-lO 35 x. 52 E. B c 
1935, :.\fay 13 19:53:38 20 x. 101 E. B c 
1935, July 5 17:53:01 38 x. 67! E. A c 
1935, Xov. 1 16:22:01 20} x. 103! E. B c 
1936, :\lay 27 06:19: 19 2 ! K. 83! E. A c 
1937, J an. 2 l-l:04:02 35 X. 25 E. B d 
1936, June 1-l 17:01:30 37 x. 35! E. A d 
1936, June 30 19:26:06 33 x. 60 E. c d 
1936, Sept. 21 11:41:33 .. IJ x. 33 E. A d 
1937, D ec. 25 09:55:55 57 x. 110 E. B c 
193 , F eb. 14 02: 5-l: 16 40! x. 5.3! E . ,\ c 
193 , l\Iarch 14 00:-1 :33 21! x. 75! E. A d 
1938, Oct. 19 04:13:26 49 x. 90 E. B d 
1939, J a n. 22 04:-11 :08 56 X. 130 E. B d 
1939, :.\lay 26 09:40:35 53 x. 109 E. B d 
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regarded as analogous to the marginal structures of the Pacific region 
such as those of the Japanese islands and the Sunda arc. The analo~ 
refers both to the structural forms, and to the geologic age of the compo.. 
nent rocks. The allm·iated deprt>ssion of the Ganges, fronting the Hima-
layan arc, is often considered as a foredeep of the Pacific type, and the 
peculiarities of gra\ity in that region are compared with the gravity 
anomalies over the Pacific troughs. The seismicity also shows some 
similarity, as strong shallO\Y earthquakes occur on the outside of the 
mountain arcs, between them and the presumed foredeeps, and intenne-
diate shocks occur tO\rnrd the interior of the arcs. Ho,YeYer, the shallow 
activity is in general not concentrated on the front of the arcs, as in most 
of the Pacific area, but is supplemented by shocks in structures extending 
oYer a wide zone back of the margin. Furthermore, the crustal blocks 
against which these mountain arc front are not part of the Pacific stiuc-
ture, but are old stable continental shields. The three eastern arcs are 
grouped about the old land of peninsular India, and those to the we tare 
similarly related to the stable mas.*'s of _-\rabia and Africa. 
For shallo"· hocks, the general acfo·ity is moderate, with occasional 
earthquakes of great magnitude. The seismicity is more nearly com-
parable "·ith that of California or Xew Zealand t han "'ith that of Mexico 
or of Japan. Shallow shock are in a large majority. Intermediate 
shocks are usually well defined; occasionally there is doubt as to focal 
depth slightly greater than for ordinary shallow shocks, but thi is not so 
common as in the Pacific belt. In India . two great shocks are known 
(1819, 1897) in "·hich the surface was broken by faulting. 
Intermediate shocks haYe been ident ified in five areas surrounding the 
stable mass of India, and at four localities in Asia ::.\Iinor and Europe. 
The most remarkable are those of the Hindu Ku h. At least 40 shocks 
are known to have occurred at depths near 230 km. under a small area 
at about 36!0 X . 70! 0 E. (indicated by the large triangle in Fig. 10), at 
dates from 1907 to 1940. Those of 1907, 1909, 1921, 1933, 1937, and 
1939 were certainly large earthquakes, and several of them were destrnc-
tiYe. This is Yery different from the beha,·ior of intermediate shocks in 
the Pacific belt, \\·here successiYc earthquakes usually occur at different 
points of an actiYe line. The arne behaYior i , of course, characteristic 
of hallow shocks. In the Hindu Ku;;h there are a few shock- at shallower 
depth; their epicenters usually al o differ slightly from that of the principal 
group. Similar repetition occur from the intermediate focu~ in Rumania. 
The intermediate shocks of the Burma arc are distributed in a way more 
like that described for t he Pacific belt. Those near 25° X ., all near 130 km. 
in depth, show a definite range along the arc; and to the north of them is 
the shock of ~Iay 10, 1926 (Xo. 32), which may have any depth down to 
100 km. The Bw-ma arc pre~ents other anomalie . It is convex west-
THE TRA~S-ASIATIC ZOXE 65 
ward, and connects at a sharp angle with the Himalayan arc. This angle 
is obviously a region of great crustal disturbance, which is expressed by 
high regional seismicity, comparable with that near the Pamir Plateau, 
round the analogous angle at the other end of the Himalayan arc. 
Except for intermediate shocks, the Burma mountain arc appears to be 
almost completely nonseismic. Shallow shocks ascribed to it are shown, 
on revision of the instrumental data, to have originated on the north-south 
line east of the arc. This line, which follo\vs some evident structures, 
passes southward through Pegu, and apparently extends nearly to Sumatra. 
In this, seismological evidence fails to support the common practice of 
running the Burma arc into the actiYe arc of the Andaman Islands, thereby 
connecting the Asiatic structures and seismic belts with those of the East 
Indies. ~otwithstanding, the Sunda arc may be an eastern member 
of the Alpide series. 
The south front of the Himalayan arc has been the origin of many great 
shocks. That of 1897 originated near Shillong (Assam) in the outlying 
hills south of the Himalaya; and the large earthquakes of 1905 and 1934 
(Table 5) had similarly placed epicenters farther west. The epicenter of 
the great shock of 1819, in the Runn of Cutch at about 24° ~. 69° E., 
occupies an anomalous position. The association of the mountain arc 
on the coast of Oman with the arcs of the Alpide belt is an unsettled ques-
tion; a shock of 1884 was destructive at and near Muskat (Sieberg, 1932a, 
p. 795). 
The most westerly of the southern structural arcs of the Alpide belt 
extends from northern Syria through the :.\Iecliterranean south of Cyprus 
and Crete. The instrumentally determined epicenters mark this out very 
plainly as the southern limit of the active area. This arc is identical with 
the southern boundary of the region ~eo-Europa as inclicated on the well-
known map by Stille (1924). 
EASTERN AND CENTRAL ASIA 
The eastern coast of continental Asia, from China to Manchuria, is 
fairly quiet, with an occasional large shock. There is a definite gap 
between the high activity of the Japanese and Philippine areas and the 
continental seismicity. 
Strong shocks are often destructive in the western Chinese provinces of 
Szechuan and Ytinnan. (See also Heim, 1934.) In the mountain ranges 
of Tibet are several epicenters. The Kuen Lun shock of 1937 (Table 5) 
was a great earthquake. In view of the fragmentary nature of the macro-
seismic information which reaches us from this remote region, it is fortunate 
that the instrumentally located epicenters are satisfactory. The single 
epicenter in the Altyn Tagh represents a well-observed shock on September 
25, 1933. 
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FIGURE 10.-Map of epicenters and structural trend lines for continental Asia 
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In the :;\an Shan and eastward shocks are frequent, and many other 
epicenters could have been added. The adjacent province of Kansu with 
two great shocks in Table 5 (1920, 192i) is one of the most frequently 
shaken parts of China. The history of destructive shocks allows us to 
extend the seismic belt eastward, at least far enough to include the 
rnlley of the Weiho, which enters the Huangho from the west near 
34° X. l10° E. This has long been one of the most thickly settled 
areas in the world, so that merely destructive shocks with considerable 
loss of life might not prove high local seismicity. However, the reported 
effects are ell.'treme; the earthquake of 1556 in this region is said to have 
taken 830,000 lives. If the earthquake history can be trusted, it suggests 
a deflection to the north rather than an eastward continuation of the active 
line. Hmvever, strong shocks haYe occurred more nearly to the east; 
the two large shocks of July 31 and August 1, 1937 were well recorded and 
arc mapped near 35° ~. 115° E. A little farther east, destructi\·e shocks 
haYc occurred in Shantung (January 8, 1910). 
X orth and west of this line is the stable area of the Gobi Desert, and 
beyond is the broad and not very sharply defined belt of acti\ity bounding 
the Asiatic seismic zone on this side. The boundary belt extends across 
most of Asia, following the southern half of the belt of great depressions 
marked by Lake Baikal, Lake Balkash, the Aral and Caspian seas, and the 
Black Sea. The great stable area of northern Asia lies on the other side 
of it. There is not a very wide gap between the most northeasterly shocks 
of this group and those of t he Arctic belt near the mouth of the Lena. If 
this gap \Yere closed, there would exist a seismic belt completely surround-
ing the Eurasian mass by way of the Arctic, the ~ orth Atlant ic, the Azores, 
the Mediterranean, the Black Sea and central Asia. The Asiatic boundary 
belt resembles the Arctic and Atlantic belts in the absence of deep shocks, 
but differs in greater seismicity, and in the greater magnitude of its largest 
shocks. Table 5 includes five great shocks with epicenters ranging from 
the Pamir Plateau toward Lake Baikal. The alignment of activity is not 
along the strike of the more e\·ident surface structures of the region (Fig. 
10) which are mostly Palaeozoic or older. Instead, the active belt follows 
the region of highlands between the great depressions and the Gobi Desert. 
The structures associated with the Caucasus and the Crimean moun-
tains are also active. (See :'.\Iushketov, 1936a). Between the Aral Sea 
and the Caspian, at 42.9° X. 56.5° E., the single well-located shock of 
July 14, 1933 shows that the boundary of the active zone must be drawn 
\mil toward the north, in line with the active east-west structures north 
and northwest of the Tien Shan. 
MEDITERRANEAN EUROPE 
Figure 2 shows that, if the shocks of a few decades were used solely, 
\\estern Europe would hardly be included among the seismic regions of the 
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world. The major active zone extending across Asia has a \veil-defined 
terminal section, which include Asia ::\linor, the Aegean, and the southern 
Balkan peninsula, and is bounded on the south by the arc passing Cyprus 
and Crete. West of this the seismicity is comparatively minor. Unle-
the investigator cares to risk errors in interpretation by using data for small 
shocks, he must consider the acfo·ity owr a long period. 
In Europe, historical data confirm the impression gained from study of 
shocks of a limited period. The outheastern area is the only part com-
parable in seismicity with the chief actiYe belts of the globe. Most of 
the remaining strong shocks haYe occurred in Italy and Sicily, and round 
the southwestern shores of the ::\lediterranean. 
In contrast with the importance of the AJpide seismicity in Asia, the 
Alpine system itself is only mildly seismic. The Alps are subject to fre-
quent small shocks, but no more o than many other mountain systems of 
the world, outside the major seismic zones and belts. The shocks of the 
southern Alps belong with the moderately seismic region of Italy . In 
the north, the large shock destructive at Basel in 1356 is an isolated in-
stance, comparable with others which will be noted in discussing the more 
stable areas of the world. 
The Carpathian system is less actiYe than the Alps, except for the 
remarkable group of Rumanian shocks. Several of these including the 
destructive shock of :\ovember 1940 ";IJ be found in our lists of inter-
mediate shocks, with depths near 150 km. and epicenters near 46° X. 
26!0 E., at the sharp bend in the Carpathian range north of Bucharest. 
In situation, and in repetition from one focus, these shocks resemble the 
Hindu Kush group. The historical record includes other shocks (1790, 
1829, an10ng others) probably from the same focus, reported destructive 
at Bucharest and perceptible at surprisingly great distance~. 
Great shocks at intermediate depth occur in the Aegean and the eastern 
::\lediterranean. One of these (:\o. 252; 1926, June 26; Fig. 10) was 
destructive at many ";dely separated points, with an enormous area of 
perceptibility. This is the most recent !:'hock of a group first noticed by 
Schmidt (1881), who concluded that these shocks must have a focal depth 
greater than those of ordinary earthquakes, and associated their occmrence 
in this region ,,;th the volcanic actiYity represented by Santorin. Sie-
berg, who personally investigated the 1926 shock, ha published a special 
study of the group (Sieberg, 1932 b), "·hich he terms Levantinische Riesen-
beben. Some of these earthquake , particularly that of 1870 which was 
violent in Lower Egypt, seem to have originated farther south. Shock 
251m, on .January 20, 19-11, at a depth of about 100 km., \Vas destructive 
on Cyprus. 
Oldham (1923) drew attention to the shock of August 7, 1895 in northern 
THE TRANS-ASIATIC ZO:t\""E 69 
Italy, for which the macroseisrnic observations indicate a depth of the 
order of 100 km. The shock of April 13, 1938 (.:\o. 253m) originated north 
of the Lipari Islands at a depth of 270 km., which makes it the deepest 
known earthquake outside of the circwn-Pacific belt. 
Apart from these, earthquakes in the European area are all taken to be 
TABLE 15.-Additional earthquake epicenters in North Africa 
I Epicenter Day Time Quality Class 
Latiiude, Longitude, 
degrees degrees 
1930, .\ug. 9 1 :09:26 34 ::\. 5W. c d 
1926, Oct. 11 06:38:52 36 ::\. 3 w. B d 
1927, Sept. 8 08:52:50 36 x. 3! W. B d 
1923, July 9 15:31:16 35! ::\. 4 \Y. c d 
1928, Aug. 24 09:44:15 36 ::\. 0 B d 
1!)24, lllarch 16 
I 
10:17:25 35 ::\. 6 E. B d 
1920, Feb. 25 17:56:23 35 :\. 9! E. c d 
1924, ::\ov. 5 18:54:25 36 :\. 4 E. B d 
1!)29, Dec. 13 
I 
04:45:27 36 ::\. 14 E. B d 
1935, April 19 15:23:26 32 ::\. 15 E. A b 
1!)36, June 13 00:32:42 33 ::\. 22! E. B d 
shallow, although the depth of focus varies somewhat, being preswnably 
deeper under the Alps and immediately north of them than else"'here. 
Historical records amply justify dra";ng an active line along the Apen-
nines, though most of these shocks, in spite of their locally disastrous 
effects in towns where weak construction is prevalent, were not of large 
magnitude. As the line enters Calabria and turns into Sicily, stronger 
shocks, such as those of 1783, are encountered. Here the seismic line 
again parallels the southern boundary of Stille's Neo-Europa. It eAiends 
westward along the African coast, where the recent activity has been high 
enough so that additional epicenters could be taken from the International 
Summary and more recent bulletins (Table 15; Fig. 12). Kotable activity 
occurs eastward along the coasts of Tunis and Libya. The shock on April 
19, 1935, at 32° ::\. 15° E., was the largest in the western :\1editerranean 
in recent years. 
All this activity is close to the coasts, no epicenters being found in the 
"·estern Mediterranean basin. The north coast is also active, particularly 
in southern Spain, though less so than the south coast. The seismic belt 
of the central Atlantic has a branch running eastward through the Azores, 
which links up naturally \\;th the ::\Iediterranean activity. This partly 
hypothetical seismic line should pre umably include the great Lisbon 
earthquake of l755. 
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OTHER SEISl\IlC BELTS 
GEI\"ERAL CONSIDERATIONS 
1Iuch of the seismicity remaining to be discussed is concentrated along 
two narrow belt , which are chiefly oceanic. The better known of these 
passes centrally through the Atlantic Ocean, along the 11id-A.tlantic Ridge. 
It e:\'tends into the Arctic, and across the polar area to the north coast of 
Siberia. The other similar belt passes from Arabia south\rnrd through the 
western Indian Ocean into the Antarctic. For convenience, the seismicity 
of the East African rift zones is also discussed here. 
Ko great shocks are known to have occurred in these belts, and large 
shocks are rare. 11ost of the shocks used in this study are gi\·en in supple-
mentary tables for the four groups; they result from careful search for 
epicenters in these regions. All shocks in the International Summary from 
1920 on have been examined, and the more impm:tant recent shocks have 
been added. Xearly every avai lable instance has been revised and placed 
on the maps, except in very active areas such as the Azores and the equa-
torial Atlantic, where no fmther duplication of epicenters \\·as nece ary. 
Only hopelessly small and poorly recorded shocks have been rejected. In 
this 'York, all areas have been canvru ed \'ith equal care, with a view to 
discovering branches of the main belts or isolated epicenters, some of which 
are mapped. X o doubt remains as to the objective reality of these narrow 
active belts. 
Xone of these hocks give indication of any unusual focal depth. This 
is all the more important because the active belts pa~s through well-
known regions of volcanic acti,ity, so that a series of exceptions is provided 
to the close association of intermediate shocks \\°ith lines of active or re-
cently e:\'tinct volcanoes, which is a notable feature of the circum-Pacific 
belt, though less evident in Europe and Asia. 
Instrumental data were applied to the investigation of the sei micity of 
these regions by Tams (1922; 1927a; 1927b; 1928; 1931). For the dis-
cussion of bottom contours of the Atlantic and Indian Oceans see Littlehales 
(1932), Wi.ist (193-!; 1939a; 1939c) and Vaughan, et al. (19-10). 
ARCTIC BELT 
The seismicity in the Arctic region north of Europe was first tudied by 
Tams (1922), who recognized this activity as a northward extension of the 
Atlantic belt into the polar region. He also publi hed a separate discu~sion 
(Tams, 1927b) of earthquakes in the region of the Xordenskjold Sea 
(near the mouth of the Lena) but refrained from suggesting a direct 
connection between these and the other Arctic shocks. Such a connection 
seems first to have been emphasized by Rajko and Linden (1935) and by 
~lushketov (1935). Their map shows epicenters in the Arctic which 
clearly fall along a continuous belt. This map has been reproduced by 
Heck (1938a). 
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F1GURE 11.- .lfap of epicenters, north polar region 
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Figure 11 and Table 16 show fewer epicenters. The Russian workers 
and Heck have accepted a number of epicenters from the International 
Summary which appear insufficiently established. On the other hand 
' 
TABLE 16.-Additional earthquake epicenters in the Arctic 
Epicenter 
Day Time Quality Class 
Latitude, Longitude, 
degrees degroos 
1921, Aug. 23 20:17:2 67 x. 18 w. B c 
1925, Xov. 28 08: 1-1: 53 69 x. 1 w. c d 
1929, June 27 22:39 :07 71 :\. 6 \\'. , A d 
1923, Oct. IO 07: 11: 1 72 x. 10 w. A c 
1924, Oct. IO 09:21:17 71 X. 16 \\'. (' d 
1927, July 16 02:16:03 71 x. 17 w. c d 
1922, April 8 20:42:21 72 x. St W. B c 
1929, Aug. 6 01:30:13 72 x. 8W. B d 
1927, Oct. 30 03:09:0-1. 71! X. 14 \\'. B d 
l!J30, Oct. II 03:06:22 71 x. 13 w. A d 
1930, :\larch 15 09:13:30 78} :\. 4 E. c d 
1926, Aug. 6 05:2.3:5 6 x. SSE. B c 
1927, Jan. 7 10:43:22 80 x. 117 E. c d 
1929, Aug. 16 23:29:02 sot x. 5 E. c d 
1927, Sept. 6 07:16:09 77 x. 10 E. B d 
1923, :\lay 30 08:30:4G 77 x. 127 E. B c 
1923, II.lay 30 17:56:42 77 x. 127 E. c c 
1926, D er. 25 05:13:20 75 X. 5 E. c d 
1927, Aug. 7 23:57:05 7-1. x. -1. E. B d 
1927, .\ug. 8 00:25:2 75 x. 2 E. B d 
1926, April 9 10:0-l.:50 7-1. X. 125 E. c d 
1924, :\'larch 12 13:52:-1.8 73 l\'. 2t E. B d 
l!J24, July 19 02:50:09 73t X. 4 E. c d 
1924, July 25 19:36:22 72! N. 16 E . c d 
1929, June IO 23:08:14 71 x. 10 E. A c 
1927, Xov. 14 04:56:29 70 x. 128 E. A c 
1927, Xov. 15 21 :4 :46 70! :\. 128 E. A c 
1928, Feb. 3 13:47:35 70! x. 12 E. A c 
1935, Sept. 30 19:00:42 84 x. 0 A d 
1938, June 25 23:45:08 77 X. 8 E. B d 
the Russian workers have had access to original seismograms, and have 
also included epicenters determined by their own seismological ervice. 
Even the smaller number of epicenters on Figure 11 suffices to show the 
general course of the actiYc belt. Shocks have been felt on Spitsbergen 
and Jan Mayen, while Iceland has a long history of destructive earthquakes. 
Although no epicenters are known between a point near the north 
end of Lake Baikal and tho e near the mouth of the Lena, it is reasonable to 
expect that future shocks may occur in this gap. The Lena active region 
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i" on the commonly accepted boundary between the Angara stable shield 
and the structure of northeastern Siberia. 
ATLA)<TIC BELT 
The earliest systematic collection of data on Atlantic shocks is contained 
in the paper on seaquakes by Rudolph (18 7; 1895). Shocks are felt on 
;:;hipboard in the Atlantic chiefly near the Azores and in the central area 
near the equator. During the following 20 years it was found that com-
paratively few of these shocks \Yere recorded by the instruments then in 
,;e1Tice in Europe and America. This showed that the activity reported 
by vessels must consist of comparafo·ely small earthquakes, and it was 
sugge ted that much of it might be due to submarine volcanism. This is 
pretty certainly false; for with imprond instrument epicenters began to 
be located in the Atlantic, and the energy of the shocks, though moderate, 
is still larger than that of any knmrn volcanic disturbance. Sieberg and 
others had pointed out the association of seaquakes ,,·ith the :\lid-Atlantic 
Ridge; and Tam. (1927a; 1928), using re,·i ed epicenters from the Inter-
national Summary supplemented by other observations, sho\\·ed that the 
Ridge is the chief locus of Atlantic seismicity. 
The shocks in Figure 12 are largely different from those used by Tams, 
hut the agreement with his results is very good. North Atlantic shocks 
are very favorably placed for epicentral determination using the stations 
in Europe and Xorth America ; this is already less true of the equatorial 
acfo·e line, and i not true at all for the South Atlantic. 
The :\lid-Atlantic Ridge is not a mere rise or swell in the ocean bottom, 
but is shown by oundings to ha,·e a nry complicated topography (\Yiist, 
1939a); it i in fact a submarine mountain range, as might be expected 
from the seismic activity following it. To the north it continues into the 
polar area. 
The seismic belt has a branch pas. ing eastward through the Azores, 
following their structural trend, ("\Yust, 1939b) and presumably connecting 
"·ith the :\Iediterrancan actiw area. On the other side, there is no sign 
of seismicity between the :\lid-Atlantic Ridge and the West Indies. 
In the equatorial Atlantic the Ridge has a striking flexure, giving it a 
long nearly east-\\·est course; this is faithfully followed by the seismic 
acti,-ity, which is higher here than elsewhere along the belt. This bend 
parallels the strong cun-cs in the coasts of Africa and South America. 
To the south the extensions of both the Ridge and the seismic belt are 
less definite. Tams (1931) suggests dra"·ing the lines round the south 
of Africa into the Indian Ocean. which would connect with the active 
belt of that region. This possibility cannot be rejected, but others are 
<'qual)y likely. The small number of located epicenters in the South 
.\tlantic is partly due to a real falling off in seismicity, as well as to the 
increa ed difficulty of location. 
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TABLE 17.-Additional earthquake epicenters in the Atlantic Ocean 
Epicenter I 
Day Time Quality Class 
Latitude, Longitude, 
degrees degrees 
1927, July 31 20:59:02 65! X. 19 \\'. D d 
1924, Sept. 4 16:01:16 64! X. 23 W. c d 
1929, July 23 18:43:0 64 x. 23 w. B c 
1929, Dec. 15 01:33:26 63 X. 36 \V. c d 
1921, June 30 02: 10: 13 61! X. 33 w. c d 
1924, Dec. 12 02:20:57 56 x. 33 w. c, d 
1921, Aug. 23 05:11 :57 57 x . 34 \\' . c d 
1920, Feb. 7 11 :50:36 56 x . 34; \V. c d 
1930, April 16 13:44:50 55 x. 34! W. c d 
1929, July 4 07:56:42 56 x. 35! W. c d 
1929, :\larch 3 16:52:02 56 x. 35 w. c d 
1924, :\larch 22 13:08:52 55 x. 34! w. c d 
1923, Sept. 30 01:20:50 54 X. 32 w. B c 
1927, July 6 00:03 :48 53 x. 34 \Y. B d 
1923, Xov. 28 00:34:23 54 x. 37 \Y. c d 
1922, Feb. 16 02:51:15 4 X . 28W. c d 
1926, Sept. 23 15:11:14 45 x . 29 \V. c d 
1923, July 18 01:06:03 42 x. 29! w. B d 
1923, July 18 06:02:19 43 ~ . 29! w. B d 
1921, April 22 16 :04:02 44 x. 17 W. c d 
1930, :\fay 21 22:09:07 43 x. 30 \V. B c 
1924, Aug. 27 22:23:57 41! x. 30! w. c d 
1926, April 5 23:29:19 39 :-;;. 29 \Y. B c 
1926, July 9 15:05:34 38 x. 30 w. c d 
1926, Aug. 31 10:40:08 38! x. 2 w. A d 
1926, July 31 l :09:53 35! x. 36 w. B c 
1930, Oct. 21 19:05:51 36! x. 23 \V. c d 
1929, April 21 12 :37:52 34 x. 38 \\' . B d 
1926, J an. 7 14:31:1 33 X. 40 \\' . A c 
192 , Aug. 15 15:38:48 32! X. 43 \\'. c c 
1930, l\Iarcb 7 06:41 :00 32 x. 11! W. c d 
1923, May 31 22:06:03 32 X . 41 w. B d 
1927, March 6 01 :33 :40 27 X . 45 w. c c 
1920, Aug. 12 06:21:01 25 x. 46 W. c d 
1925, Aug. 12 06:58:45 24 x. 46 W. A c 
1924, Oct. 14 05:00: 19 24 X. 45 w. A c 
1922, J an. 9 05:09:34 24 x. 46 \\'. A c 
192 , Sept. 14 0 :02:02 22! x. 45! \Y. c d 
1930, Feb. 2 00:57:56 15 x. 46 \Y. A d 
1929, July 6 09:46:15 14! x. 46 w. A c 
1925, J uly 5 07:02:09 13! x. 42! w. B c 
1927, ept. 3 19:47:45 11 x. 44 \Y. A b 
1925, Oct . 13 17:40:34 11 ~ - 42 \\' . A b 
1928, Dec. 10 15:39:00 9 x. 39 \\' . c d 
1929, July 27 12:53: 12 9 X. 40 \\'. c d 
1928, Aug. 31 05: 14:34 >:. 37 \Y. c d 
1929, Jan. 27 16:07: 12 I X. 37 \\'. B c 
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TABLE 17- Concluded 
Epicenter 
Day Time Quality Class 
Latitude, Longitude, 
degrees degrees 
1923, Sept. 26 02:29:20 l! X. 29! W. c c 
1923, Aug. 12: 17:25 ! X. 30 \\'. c c 
1920, l\ov. 12 05:41:3 1 x. 28 \\'. B c 
1924, June 20 16:21:34 0 26 W. c d 
1920, Dec. 5 10:01: 15 0 17 \V. B d 
1929, J an. 18 21:27:45 1 x. 17 \\'. B d 
1928, May 12 20:28:00 1 X. 19 \\". B-r- c 
1928, Sept. 1 17:19:20 0 20\V. B c 
1929, March 31 03:09:53 1 S. 15 w. c c 
1925, Aug. 20 23:04:30 I S. 21} \V. c c 
1925, Sept. 12 14:14:58 1 S. 19 \Y. c d 
1929, June 5 10:50:11 1 S. 1-1! w. A c 
1924, Oct. 12 19:34:10 ! s. 29 \V. B c 
1923, July 20 15 :02:37 1! s. 13! W. B c 
1929, Feb. 2 00:00:19 l! S. 21 \V. A b 
1920, July 4 00:11:40 2 14 W. c d 
1928, Aug. 3 11:44:42 2 S. 14 w. B c 
1929, Aug. 22 19:40:53 3 s. 21 \V. c c 
1!)22, Xov. 8 23:33:45 6! s. 11 \V. c d 
1928, April 3 16:42:45 ll! s. 1,JtW. B c 
1926, l\Iay 17 21:42:17 1-1! 14 \\' . c c 
1929, July 25 22:57: 17 13! 14 \\'. B c 
1925, Dec. 15 10: 31 :31 25 S. !) \V. c c 
1925, June 13 20:23:10 2!J S. 22 W. B c 
1930, Dec. 25 13:07: 19 33 13 w. c c 
1928, Xov. 22 0 :31 :01 56! S. 3 \\' . B c 
1920, Sept. 4 1-1:09:02 55 S. 2 E. c c 
1927, Nov. 14 15:04:35 5-l E. B c 
192 , July 19 23:38:45 55! s. 9 E. B c 
1935, Feb. 6 01:53:56 31 x. -12\V. B c 
1938, Feb. 15 03:27:42 19 x. 26 \\'. A c 
1939, l\1ay 01:46:50 37 x. 2-1! \\'. A b 
1939, June 5 23:03:31 36 x. 3-l! w. c d 
1939, June 22 19:1!):31 6 x. 1 \\'. A c 
1937, Aug. 22 11:31:44 7 x. 36 \\'. B c 
1937, Oct. 6 21 :-18:02 l x. 2!J \\'. c c 
1937, Dec. 28 06:19:26 l X. 2!J \\'. B c 
1937, Dec. 13 22:58:-17 26 x. 45 \V. c d 
1938, March 1 23:26:58 55 s. 12 E. B c 
19:19, Aug. 2 00:46:22 36 S. 16 \V. B c 
INDIAN OCEA~ BELT 
A seismic belt, in many respects similar to the Arctic-Atlantic belt, 
passes through the western Indian Ocean. :\Iaps by Tams (1931) and 
other investigators carry no suggestion of such a line; they indicate only a 
few isolated epicenters in the whole area. The belt first appears plainly 
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TABLE .-Additional earthquake epicenters in the Indian Ocean 
Epicenter 
Day Time 
Latitude, 
degrees 
Longitude, 
degrees 
Quality Class 
l!l29, April 28 04:58:44 Ht :\. 53 E. B d 
192 , i\Iarch 19 10:02:06 Ht:\. 53! E. B d 
1924, April 20 14:27:04 15 X. 52 E. B c 
1929, .\larch 16 12:30:52 14 x. 52 E. c d 
1928, Sept. 1 19:52:37 14:\. 52 E. .-\ c 
1923, Dec. JO 23:53:38 13! X. 50 E. c d 
1926, Jan. 5 10:03:24 11 x. 58 E. B d 
192 , July 4 17:53:38 10 x. 57 E. B c 
1929, Jan. I 13:58: I 9! X. 62 E. c d 
1925, Feb. 2 1 :44:31 9 x. 62 E. c d 
192 , July 6 00:4 :05 4 x. 62! E. c c 
1927, Aug. I 01 :50:55 5 X. 63 E. c d 
1930, Aug. 23 15:07:40 6 x. 65 E. c d 
1926, Dec. 2 16:41 :47 IX. 67 E. c d 
1923, .\lay 28 01:25:53 It S. t E. B c 
1926, Jan. 18 21:07:23 2 s. 9 E. B c 
192 , Feb. 7 00:01 :43 2! s. t E. A c 
192 , l\Iarch 9 1 :05:27 2! S. t E. .-\ b 
1930, i\Iarch 9 08:52:26 3 S. 71 E. c d 
1922, Sept. 8 14: 14:13 6 E. c d 
1922, July 3 05:29:22 66 E. B c 
1929, Feb. 17 20:44:17 67 E. c d 
1929, .\lay 5 16:56:43 66 E. B d 
1922, Feb. 14 12:45:22 67 E. c d 
1925, July 8 04:56:02 14! ~. 67 E. c d 
192 , Oct. 25 12:36: 19 13! 6St E. c d 
1926, Dec. 24 07:01:10 19 S. 65 E. c d 
1923, x ov. 26 12:1 :37 31 S. 5 E. c d 
1930, April 27 14:26:22 33 S. 59 E. B d 
1925, April 11 10:-12:02 34 s. 59 E. B b 
1925, l\lay 3 22:59:04 34 s. 58 E. B b 
1925, l\lay 19 05:23:45 33t S. 58 E. B b 
1925, l\Iay 28 05:55: 11 35 S. 56 E. c c 
1925, July 7 08:14:02 35! s. 59! E. c c 
1925, Oct. 12 05:44:40 34 S. 60 E. B c 
1926, l\Iarch 21 12:05:58 34 S. 58! E. c c 
1926, l\lay 31 13:35:49 33! s. 57 E. B c 
1926, Sept. 2 01 :21 :52 33! S. 59 E. B b 
1926, Dec. 2 08:13:44 34 s. 57 E. (' c 
1927, .\larch 21 15:05:34 33 s. 58 E. B c 
1927, .\pril 11 22:03:50 34 S. 59 E. c c 
1927, April 16 09:11:10 33! S. 58! E. c c 
1927, ·Sept. 10 16:28:15 34 57 E. c c 
1927, Oct. 19 13:4 :40 34 S. 59 E. c c 
1927, Xov. 8 03:10:2 34 S. 60 E. .\ c 
192 , Jan. 30 03:15:24 33 s. 59 E. B c 
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TABLE 18-Concluded 
-
Epicent<ir 
Day Time Quality Class 
Latitude, Longitude, 
degrees degrees 
1928, i\Iarch 27 19:06:4 3-1 S. 60 E. c c 
1928, Aug. 8 02:15:1-1 3-1 s. 57 E . c c 
1928, Xov. 11 22:-10:56 3-1 S. 58 E. c c 
1929, Jau. 8 07:23:27 33 s. 60 E. c c 
1929, April 9 03 :52:-19 33! S. 58 E. c c 
1929, :\lay 3 08:08:37 33 S. 60 E. c d 
1929, June 6 1-1:18:53 33! S. 59 E. c c 
1929, Sept. 10 20:22:-10 3-1 s. 60 E. c c 
1930, Jan. 17 11:10:19 33 S. 59 E. c c 
1920, Dec. 4 05:51:47 39 s. 21 E. c c 
1927, Oct. 15 10:59:10 41 S. 47 E. c d 
1924, Dec. 11 17:28:3-1 41 s. 80 E. c d 
1928, :\lay 31 23:23:58 41! S. 80 E. c c 
1927, Oct. 16 14:12:08 44 S. 42 E. c c 
1928, ~larch 17 1-1:22:09 44 s. -13 E. c c 
1927, Jan. 29 18:37:37 4-1 S. 37 E. c c 
1924, Aug. 25 02:21:-15 45 s. 35! E. B c 
1926, j\fay 9 09:47:37 46 S. 3-1 E. c c 
1924, Feb. 29 08:38:20 50 s. 30 E. c c 
1938, Oct. 21 20:24:12 2t x. 66 E. B c 
1938, Oct. 23 15:01: 10 17 S. 42 E. c c 
1936, l\larch 21 01:52 : 11 17 S. 66 E. B c 
1937, Aug. 20 06:38:05 26 s. 67! E . B c 
1938, Sept. 10 22:23:57 7t x. 79 E. A d 
1938, i\Iay 8 13:-18:00 4.8 s. 99 E . B c 
1939, March 21 01: 11 :09 l! S. 89! E. B c 
1939, l\lay 23 04.: 18:-15 9 x. 59 E. B c 
1929, Aug. 16 21 :2 :25 16! S. 121 E. c c 
1936, . .\ug. 23 20:45:58 3 s. 67 E. c d 
1939, Feb. 8 10:26:-10 10! S. 66 E. c d 
1939, July 16 12:21:33 15 S. 65 E. c d 
1939, Aug. 7 23:59:-12 4 x. 77t E. B d 
in maps based on the later years of the International Summary. Figure 13 
(also Fig. 5) is still clearer; epicenters (principally from Table 18) depend 
in large measure on obserYations at Tananarive Cdadagascar) and at 
Bombay. 
The belt runs through comparati,·ely shallow parts of the ocean, along 
a series of ridges and rises which occasionally emerge into banks and islands. 
Here and there this series appears to be interrupted by deep channels and 
basins. HoweYer, the bottom of the Indian Ocean is still very imperfectly 
mapped. The 4000 meter contour in Figure 13 is drawn in conformity 
with Vaughan, et al. (19-±0). \Yust (193-±; 1939a; 1939c) points out t hat 
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temperature distribution suggests a division of the Indian Ocean belo\\· 
-!000 meters into two regions separated by a continuous barrier extending 
from the :\1ascarene Islands to the Kerguelen Ridge north of Amsterdam 
Island. 
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FI GURE 13.-M ap of epicenters, I ndian Ocean and east Africa 
The main seismic belt begins abruptly off the coast of Arabia north of 
the island group of Socotr:l. The trend is roughly outheastward along 
the ridge discoYered by Schmidt and called the Carlsberg Ridge, which 
has been confirmed recently by the work of the John ~Iurray Expedition 
(Farquharson, 1936; reYiew by Hoffmei ter , 1938) . :\ear the equator the 
belt change,s direction rather sharply (thi - i as apparent on a globe as on 
Fig. 13), and continues west of south. A.bout 30° . 65° E . the prerniling 
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depths are greater than -1000 meters and there is a gap in the seismic belt. 
\Vith increasing south latitude locations become more difficult, never-
theless the ei mic belt is easier to follow than that in the South Atlantic. 
It was not practicable to map each indi,·idual shock near 34° S. 57° E., 
listed in Table 18. This accumulation of epicenters partially repre ent 
a period of sei mic acfoity which i~ important in evaluating the probable 
relation of a study like the pre~C'nt to the summed-up seismicity of the 
world oYer a period of several centurieR. The fir t known shock of this 
group took place in 1925; there followC'd a long serie , "ith some inteITup-
tion , until 1933. :.\Iany of these o::hocks "·ere strong enough to regi ter 
well at di tant stations, though none of them were larger than our clas b. 
Since 1933 the principal activity of the belt has been at other points. In 
the International Summary all these shocks are referred to one epicenter 
at 3-1° S. 57° E.; but the data arc ufficicnt to ju tify a distribution over a 
more extended area. This is confirmed by the appearance of the sei mo-
grams at Tananarive (Poisson, 1939, p. 111). The few epicenter· north 
and west of Prince Edward Island, and near Bouvet Island, sugge t a 
westward continuation of the actiw belt, which apparently continue to 
join the South Antillean loop, already discussed as part of the circum-
Pacific belt. 
A minor seismic belt along the general trend of vViist's barrier would 
include the fairly well-located epicenters near -11° S. 0° E. (192-1, 1928) 
and possibly an unmapped shock on February 20, 19-10, at 13 : 5-J., tenta-
tively located near 38° S. 79° E. It would also include the \Yell-located 
shock at -1 ° S. 99° E. (:.\lay 8, 193 ) and might be e:Kpected to reach the 
"Macquarie Island loop at it northwe. tern limit. 
In the northeast corner of Figure 13 is the active arc of the Andaman 
Islands. Southwest of it i a peculiarly isolated group of shocks. Our 
knowledge of the seismicity of this part of the globe is still imperfect. 
On XO\·ember 19, 1906 a strong . hock (class b) was felt from Albany to 
Sharks Bay- that i , along almost the whole we. t coast of Australia-and 
as a seaquake near 21° S. 105° E. ( zirte>', 1910). The readingR are not 
very consistent, but indicate an epicenter near 20° S. ll0° E. much to the 
north of that given by Szirte. . The enormou. di turbed area suggest~ 
focal depth of about 50 km. A strong shock (magnitude 7?) near 30° S., 
115° E., on April 29. 19-11, at 1: 53.1 \\'a5 felt throughout the Southwestern 
Division of \Y estern Australia. 
EAST AFRICA~ RIFTS 
The active belts of East Africa differ from those just discussed, in being 
associated with interior fractures of a continental mass, instead of being 
marginal or oceanic phenomena. Their seismicity is higher than that of 
any other such structures, excepting possible analogies with part of the 
Asiatic active zone. Ho,,·eyer, the African actiYity is very moderate, even 
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compared with the Atlantic and Indian Ocean belts, which in turn are 
much less active than the Pacific and Asiatic belts. It has been difficult 
to extract from the available seismometric data the small group of fairly 
well-determined epicenters included in Table 19 (Fig. 13). The years just 
TABLE 19.-A dditional earthquake epicenters in East Africa 
Epicenter 
Day Time Quality Class 
Latitude, Longitude, 
degrees degrees 
1921, .\ug. 1-l 13:15:28 15! X. 40j E. c d 
1921, Sept. 21 11 :01 :31 14 X. 39 E. c d 
1926, Oct. 30 01:38: 10 11 x. -14 E. c d 
1929, J an. 22 14:-13:05 llt x . 43! E. B d 
1930, Oct. 27 23:2 :41 12! X. 43! E. c d 
1929, :\lay 18 01:02:12 11! x. -lit E. B d 
1930, Oct. 25 17:41 :55 11! x . 4-l E. c d 
1930, Oct. 2-l 10 :47:21 IO! X . 43 E. c d 
192 , Oct. 4 1 :22:58 7 X . 38 E . B c 
1928, J an. 6 19:31 :58 ! X. 36! E. A b 
1929, J uly 26 17: 1 :50 2! 24! E. c d 
1919, July 8 21:06:25 6 S. 32! E . B c 
193 , July 21 09:10:42 3 S. 40 E. B d 
1938, l\Iay 12 21:31:32 1 x. 37! E. B d 
1938, Sept. 'Zl 02:31 :49 II X. -11 E. c d 
1939, J an. 23 02: 22:53 32 X. 16 E. A d 
193 , Oct. 20 13: 1-1 :58 JO x. 38! E. c d 
1938, Oct. 23 02:25:14 10 x. 38! E. c d 
1937, Xov. 30 12:57 :46 5 x. 36 E. n c 
preceding the higher deYelopment of precise seismometry were a period of 
greater activity in East Africa than any time since. The shock of De-
cember 13, 1910, has been dropped from the list of great earthquakes 
(magnitude 7t ?); it wa felt over a very wide area, and was strong in the 
vicinity of Lake Tanganyika. (See Sieberg, 1932a, p. 883.) 
The complexity of the known rift structures is reflected in the seismicity, 
which i not confined to any single narrow line in the equatorial region. 
A seismic belt runs northeast through Ethiopia to the head of the Gulf of 
Aden. There is al o activity along the west coast of the Red Sea; but 
the seismologicaJ evideRce does not indicate any continuous active line 
drawn from central Africa across Suez into the unquestionably active 
Jordan trough of Palestine. (~ote the destructive Palestine earthquake 
of July 11, 1927 on Figure 10.) Any such projection of the African rifts 
mu t be based on geological and geomorphological evidence. The occa-
sionally encountered as ertion, that there is a sei~mically active belt fol-
lowing such a course, is based on papers published in an earlier epoch of 
seismology. 
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THE STABLE MASSES 
GENERAL STATEMENT 
To this point the description has covered the active belts and areas. 
The present section takes up certain large areas which are nearly free from 
shocks. Only the larger and more important masses of this type have 
been selected for detailed discus. ion; stable areas of all sizes exist, their 
number increasing as one proceeds to smaller dimensions. Even in the 
interiors of the most active belt it is po ible to find minor crustal blocks 
v.·hich are internally unfractured, and are disturbed only by earthquakes 
exiernal to them. The trans-Asiatic zone includes many such blocks, some 
of which are hundreds of miles wide. 
Of the principal stable masses that of the Pacific basin differs structurally 
from all the others. The remainder are principally continental nuclei, 
continental shields, or oldlands, which remain as nearly undi turbed at 
present as they have been through most of their geological history. A few 
smaller blocks of similar type will be mentioned, owing to their significance 
in connection with the general pattern of world seismicity. 
·early all the stable masses exhibit a few marginal or internal fractures 
which are seismically active. 
PACIFIC BASIN 
The Pacific basin is the largest of all the stable masses. Except for the 
single internal zone of the Hawaiian I lands, and for possibly volcanic 
shocks in some other island groups, it is an area of complete seismic calm. 
This is particularly well established for the north Pacific. 
The outline of the stable area is evident from the world maps (Figs. 
1, 2, 15). Almost no epicenters fall within the Pacific basin, away from the 
surrounding active belts. Rare exceptions may occur; the best established 
is the shock of January 4, 1933, off the ~'forth American coast at 28t0 N. 
127° W., but the boundary of the Pacific basin in that ector is not definitely 
known. 
Seismological maps sometimes show epicenters at scattered points 
interior to the Pacific basin. Especially in its earlier years, the Interna-
tional Summary contains epicenters for poorly recorded shocks which 
were located, often with expressed doubt, in the stable area. All these 
epicenters have been subjected to close critical examination. It can now be 
stated positively that not one of these is well established; many of them 
are seriously in error. 
These shocks will now be di cussed in detail, excluding many upposed 
epicenters near the margin of the stable area; moderate e1Tor in these 
would admit of their being ordinary shocks in the adjacent active belts. 
Such error has often been found, and not rarely a more usual epicenter 
could be assigned. Some of these curious case are deep-focus earth-
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quakes, located erroneously on the supposition of normal focal depth. 
Others are simply inadequately recorded, or too much weight has been 
placed on the data of one or two stations with inferior instruments. 
The following discussion includes only the 18 shocks, which the Inter-
national Summary places well out in the Pacific basin. Hawaiian shocks 
are omitted. Shocks are given in order of lat itude from north to south. 
Accurate location is out of the question unless several stations in different 
directions from the epicenter have recorded P , the first seismic motion; 
it is usually difficult and doubtful without several consistent readings for 
S. Other readings, referring usually to reflected waves and surface waves, 
are of little use in finding the epicenter; these will be noted as "late 
readings." 
43° X. 170° E. Oct. 6, 1921, 15h. P and S at :\1izusawa and Eskdalemuir give 
origin t ime 2 minutes la ter than in the Sununary and a very di fferent epicenter. 
Sat o ther European stations may be a late phase. Possibly deep focus; perhaps an 
intermediate shock in the Kuri le Islands. 
40.5° X. 160.5° E. Aug. 27, 1927, 12h. l·sefully recorded at seven stations. The 
given solution roughly fi ts Zi-ka-wei, Irkutsk, Baku. a nd Tiflis but not Ekaterinburg 
and Tashkent. Ootomari reports a time which is much too early to fit , a nd ~iizusawa 
a ppears to begin 2 minutes late. It is impossible to tell which data are correct. 
40.5° X. 160.5° E . April 21, 1930. 2Jh. Xine stations, three wi th no P . The solu-
tion fits only Zi-ka-wei a nd Baku, and is marked X. \\·hich means that "there is much 
uncertainty as to even the approximate origin." 
34° X. 162° W. June 17, 1917, OSh. Five stations; only one P , no S. :\Ielbourne 
flagrantly inconsistent. Xo evidence for the indicated epicenter. 
30° X.174° W. Oct. I , 1918, ()()h, " \'ery unsatisfactory." A badly forced solution. 
P and Sonly at Tokyo, except that a surface wave reported at H onolulu for the next 
hour (when there was also a shock) is assumed to be P with an error of 1 hour, though 
it still comes out 58 seconds early. 
26.8° X. 172.0° E. Oct. 11 , 1928, 23h. Two shocks, 12 minutes apart. Epicenter 
by the Russian stations, does not fit well. :\fore probably . .\leutian Islands near 
52° X. 175° E. 
16.0° X. 153.5° E. May 14, 1923, 02h. Four stations, only two with P . " Yery 
rough ." Data insufficient. 
12.5° N. 168.0° E. Sept .. 19, 1923, 0 h. P only at Osaka. The sol ution fits only a 
small par t of the data. Possibly in the Tonga salient. 
11.7° X . 176.0° E. :\fay 21 , 191 . llh. P and S a t Riverview; Sat l\Ianila. Other 
stations have only late readings. i\Iay he any\\·here in the P acific area. 
9° X. 155° E. :\fay 16, 1925, JOh. Eastern Caroline Islands. Depends on :\fani la, 
Riverview, Batavia, and Ekaterinburg and cannot be rejected definitely; to bring 
it into the active belts would require an error of 10 or more degrees. 
9° X. 155° E. Sept. 29, 1926, 05h. Two shocks. " Yery rough indeed." Almost 
all data are late readings and many do not fit. 
9° ~. 155° E . l\Iarch 3, 1928. 17h. Tashkent and Ekaterinburg have P and S in 
rough agreement with the gi\·en solution. :\Ianila and Zi-ka-,,·ei do not fit . Other 
stations have only late readings. Dam insufficient. 
5° X. 148° E. J an. 21 , 1920, Q6h. Fitted to P and S at Riverview. Readings at 
other stations are imperfect, and none of them fit, except a possible Sat Batavia. 
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I 0 X. 129° \\'.June 17, 1924, 2Qh. Depends on P and Sat Tacubaya and La Paz 
Sat Toronto and a few late readings. The data hardly suffice. ' 
1° X. 129° W. Xovember 25, 1927, 19h. Depends on La Paz, Tucson which has p 
and S half a minute late, and a few late readings. The data are insufficient, and 
certainly include errors. 
3.0° S. 177.5° W. Feb. 10, 1921 , 19h. Fitted to P and S at Apia and Riverview 
wit h Sat Wellington, Adelaide, a nd probably :\Iclbourne. Apia had suggested 26° '. 
176° W., which does not fit the other data. Doubtful, but may be correct. 
3.0° S. 177.5° W. Xov. 28, 1927, lQh. " Very uncertain." P and S at Apia and 
Suva, with late readings elsewhere. :\lay be in the Tonga salient. 
3° S. 172° W. Dec. 2-1, 1929, Q-!h. " Yery uncertain," pointing out that the solution 
depends on P and S at Apia a nd Suva: P at ydney and S at Adelaide. T oo much 
weigh t is given to Suva, and the other data are difficult to reconcile. 
7° S. 17 ° E. Oct. 21, 1928, 15h. D epends on Apia and Suva, which disagree. 
Readings at Apia indicate an epicenter close to Apia, and suggest time error at Suva. 
Other stations have only late readings. 
22° S. 141° W. June 21, 1918, 3h. "Clearly defective." Only P and Sat La Paz 
fit. Readings at other stations are so late that they probably refer to a different 
shock. 
:\one of these interior Pacific epicenters are found in the International 
Summary after 1930. ?\lost of tho e listed above are taken from the 
earliest years, when earnest but often fruitles. efforts were made to locate 
any shock reported by a few stations. These examples are representative 
of the type of data rejected throughout the present study, in all parts of 
the world, and regularly rcfeITed to as "~mall and imperfectly recorded 
shocks." 
The epicenter at 9° X., 155° E., apparently represents one actual hock 
outside the active belts and may perhap be correlated with a reference 
by Sieberg (1932a, p. 919) to a shock on April 11, 1911, which was strong 
on Ponape, in the eastern Caroline:; near 7° X. 158° E. De Ballore (1906, 
p. 17-!) refers to shocks felt at Tahiti and in the Society Islands. A class d 
shock occurred on June 20, 1938, l-!:02.5 near 6° X. 119° W. 
Although the earthquakes of the Hawaiian Islands occur in an active 
volcanic region, and a large proportion of the numerous small shocks on the 
main island of Hawaii are undoubtedly direct results of ,·olcanic proce ses 
going on comparatively near the surface, there are other larger shocks 
which must be considered as tectonic in origin. The most noteworthy 
is the great shock of April 2, 1 6 (\Yood, 191-!; 1933). Though this was 
accompanied by eruptiYe phenomena on Ha,vaii, it produced fracturing 
at the urface such as might result from the displacement of large under-
lying mas e of magma, or solid material, or both. ~IoreoYer, it pre-
sumably originated at the depth usual for great earthquakes, for it was not 
only Yiolently destructi,·e in the southern part of the island of Hawaii, 
but was moderately strong at Honolulu, and apparently perceptible on all 
the islands of the group. It was preceded and followed by many other 
small shocks. 
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In the middle of September 1929 a ~warm of small shocks began in the 
northwestern part of the Island of Hawaii near the dormant Yolcano 
Hualalai, which erupted last in 1802. Larger shocks occurred; that of 
September 26, at 0-!h, was recorded aR far as we tern Europe. The large. t 
~hock of the group (magnitude 6U took place on October 6, at 0/h. There 
"·ere effects of much violence, and exten"i,·e damage, in the Kona district, 
which includes Hualalai. The seismograms arc of the usual character for 
shallow earthquakes. The International Summary gives for these two 
larger shocks an epicenter, on the cast coast of Ha,rnii, but the data agree 
,·ery well with the macro eismic epicenter at Hualalai near 19.8° X. 
155.9° W. ~o eruption was associated with this group of shocks. 
T"·o shocks of about the same magnitude occurred on January 23, 1938, 
at about 21° X. 156° W., and on June 17, 19-10, 10:26: -17 at 20t0 X. 
155;l-0 W. Honolulu, as in 1871 and 1881, occasionally has been heavily 
l"haken by earthquakes which were not so strong elsewhere in the islands. 
CAXADIAN SHIELD 
The writers' use of terms like the Canadian Shield is geographical, and 
is not meant to express preference for any particular interpretation in 
terms of historical geology. The term "Laurentian Shield" might be 
preferable; the reference is to that large part of Canada, with a small area 
in the "Gnited States, over most of which the pre-Cambrian rocks of the 
Laurentian series are expo ed at the surface. 
The interior of the Canadian shield, thus defined, appears to be com-
pletely aseismic. Because of the proximity of good stations it is sure that 
only minor shocks could haYe escaped notice. However, the marginal 
part of the shield is subject to occasional large shocks, with fairly frequent 
minor local disturbances. Of the four known larger shocks, three origi-
nated near the St. Lawrence RiYer. These are the great earthquake of 
1663, which was violent near Three RiYers (roughly 46t0 ~. 72t0 W.), 
the large shock of March 1, 1925 (Feb. 28, 1925, local time) in the Saguenay 
RiYer district at about -18.2° X. 70.8° W., and the moderate shock of 
October 19, 1939, at about -17.8° X. 69.9° \V. The 1925 shock is Xo. Sl 
of the deep-focus list; however, the depth of 50 km. assigned to it is proba-
bly usual for this region and might be called "shallow." To these add the 
Timi kaming earthquake of XO\·ember 1, 1935, near 46.1° K. 79.1° W.; 
this is Ko. S2, with depth estimated roughly as 80 km. It iR doubtful 
whether the Kew Hampshire earthquakes of December 20 and 2-!, 19-10 
(-1-!0 X. 71° \\'.) should be included here or with the Appalachian shocks. 
A econd group of such marginal shocks is that of the Baffin Bay earth-
quake of September 20, 1933 (Table -!) and its aftershocks. It is a good 
instance of the occasional unexpected occurrence of a large shock in a 
region not pre\iously con. idered to be active. Small shocks haYe often 
been reported felt on the \\·est coast of Greenland (Tams, 1922) and Ter-
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tiary faulting has been found there. (See Born, 1933, p. 800, follo"ing 
Koch, 1929). Whether the Baffin Bay shocks are considered interior or 
marginal depends on whether the pre-Cambrian rocks of Greenland are 
considered as part of the Canadian shield or as forming a separate block. 
A third and northwestern group of marginal shocks are: 
1920, Xov. 16 
1940, :Vlay 29 
1940, June 5 
08:31 .0 
01:57.9 
11 :01.3 
72! 0 X. 128° W. 
67° X. 135° W. 
67° X . 135° W. 
B 
B 
B 
c 
c 
c 
South and west of the Laurentian area lies an extensive region which is 
fairly stable judged by geological criteria. However, shocks are known 
to occur there, and the region will be discussed in the next main section. 
BRAZILIA~ SHIELD 
For a summary of Brazilian earthquakes refer to Branner (1912; 1920), 
who has also described the regional geology (Branner, 1919). In the 
Brazilian shield may be included the .Archaean masses of Brazil and 
Guiana, together with later rocks consolidated with them by Palaeozoic 
folding. The shield then includes all South America east of the Andes and 
north of the Plata. 
The shocks of this whole area are quite insignificant, never reaching 
destructive violence, and often perceptible only over small areas. They 
appear to be connected with ancient or minor structures within the stable 
mass. In spite of the records of good stations at Rio de Janeiro and La 
Plata, only one shock has yet been located in this area from instrumental 
data: 
1939, June 28, 11 :32.5, 27!0 S. 48!0 W. B d. 
Kot one sound instance appears in the International Summary. A 
number of epicenters in the Summary are in the western part of the shield; 
nearly all of these are probably misplaced Andean shocks, some of them 
being unrecognized instances of deep focus. The two groups of very deep 
shocks near 2!0 S. 70° W. and 10° S. 70° W. are under the shield; but t hese 
are clearly part of the circum-Pacific activity. 
On Figures 2 and 12 is an epicenter at 7° K. 38° W. (l\Iay 31, 1932; 
Table 3). This is definitely outside the Atlantic active belt, and appears 
to be marginal to the South American stable mass. 
EURASL-\X STABLE ll.ASS 
Figures 2 and 10 show a great blank including the Baltic shield of 
Europe, the Angara shield of Asia, and the intervening Ural mountain 
system. Throughout this vast area there is apparently no report of felt 
earthquakes, except that near its boundaries shocks of adjacent active 
zones are noticed, and that minor local shocks have occurred in the southern 
Urals. (See Mushketov, 1936a; Weiss-Xenofontova, and Popoff, 1940). 
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Still more definitely, there is not a single good instrumental epicenter; 
although a chain of first-class stations at :Moscow, Baku, Sverdlovsk 
(formerly Ekaterinburg), Tashkent, Irkutsk, and Vladivostok was estab-
lished under the imperial Russian government, and has been maintained 
by the Soviet government with the addition of important local networks 
in Crimea, the Caucasus, and central Asia. The few epicenters in this 
area given by the International Summary are as bad as those in the 
Pacific, or worse. 
On the south and southeast the stable mass is bounded by the active 
belt of the central Asiatic highlands. In the northeast is the active area 
near the mouth of the Lena, which is at the end of the known extent of the 
Arctic active belt. Between these, the border of the Angara shield has 
shown no verifiable recent activity. 
On seismological evidence alone the stable mass might be made to 
include the extreme northeastern part of Asia, east of the Lena and the 
Angara shield, excluding Kamchatka. Here the only known shocks are 
near the coast. Since this area appears to differ geologically from the 
8table masses, it is discussed in the next main section. 
AFRICA 
The huge African stable mass appears on Figures 12 and 13. Most of 
the epicenters shown are the result of systematic search, which has been 
carried out as carefully as for the Pacific basin. 
The African rift zones have already been considered, and the shocks of 
the ).lediterranean coast have been discussed with the trans-Asiatic zone. 
Between the equator and 30° K., outside of the Rift and Red Sea regions 
the International Summary lists only four small shocks, for which the 
data are either very scanty or very inconsistent. 
The Summary locates two shocks at 3° S. 24° E. For one of these, in 
1922, the data are insufficient even to establish the region of occurrence; 
this might be a misplaced Rift shock. The other, that of July 26, 1929, 
has been accepted with a slight shift in epicenter (Table 19). The location 
is not good, and the epicenter has been retained largely in order to have 
definite representation of the shocks which undoubtedly occur in this 
region west of the Rifts. For reports of shocks felt here see Sieberg (1932a, 
p. 879-881). These are our only seismological evidence of the separation 
between the units composing the African mass. 
The long history of Egypt includes a few strong shocks which appear to 
have originated on the continent. Some of these are listed by Sieberg 
(1932a, p. 873; 1932b). The clearest cases of strong shocks are those of 
1303 and 1847, apparently centering in the Fayum west of Cairo. The 
great shock of 1870 was probably an intermediate earthquake under the 
::\fediterranean. 
A few epicenters are mapped about the margins of Africa. In some cases 
88 SEISMICITY OF THE EARTH 
historical data support them. Strong hock sometime reported from the 
Canary Islands and Cape Yerde Islands are in part volcanic; but one shock 
large enough to record at distant stations is known from each group. 
(Shocks of :.\'larch 17, 1930 and Feb. 15, 1938; Table 17.) The de tructive 
Gold Coast shock of June 23, 1939 (Table 17) is one of a erie,:, of which 
that pre,iously best obserYed occurred on Xovember 20, 1906 (Junner et al., 
1941). 
Off the south of Africa at 39° S. 21° E. is the shock of December 4, 192() 
(Table 18). Just off the southeast coast at 28.5° S. 32.8° E. is the Zululand 
earthquake of December 31, 1932 (Krige and \"enter, 1933). A shock of 
about the same magnitude originated in the interior, near 30° . 25° E., 
on February 20, 1912 (H. E. Wood, 1913). The shock on May 19, 1940, 
18:16.4 near 24° S. 31° E . (tentative), magnitude 7, strong in Zululand 
and Transvaal (Nature, June 8, 1940, p. 892) should al o be noted. 
In the Mozambique Channel is the epicenter of October 23, 1938 (Table 
18). The Channel may be considered an internal fracture, as the stable 
mass of Madagascar is ordinarily taken as a detached part of the African 
mass. Only small hocks are known from l\Iadagascar itself (Poisson, 
1939). The epicenter at 3° S. 40° E. (July 21, 193 , Table 19) is on a 
branch of the Rift system. 
ARABlA, I ' DIA, AND AUSTRALIA 
The old stable mass of Arabia is nearly aseismic, with occasional marginal 
shocks; that on January 11, 1941, 8 :32, is located tentatively at 17° N. 
43° E. (Fig. 10). The undisturbed area includes most of ::.\fosopotamia 
and eastern Syria. Epicenters of all but small recent shock lie outside 
these areas. The historical record suggests occasional larger earthquakes, 
but these may belong to the active structure at no great distance to the 
east. The history of many shocks in Palestine and Syria supports the 
activity of the Jordan trough. For this and the single shock in Figure 10 
(July 11, 1927; Table 14) see Sieberg (1932a, p. 796- 803; 1932b) and Willis 
(1928, correction in 1933). 
The oldland of peninsular India is not completely quiescent; the Indian 
stations report minor local shocks, and larger ones have occurred. The 
only associated shocks mapped in this tudy are marginal. The shock in 
the Bay of Bengal at 15° ~. 87° E. (July 29, 1927; Table 13) ma_y be in the 
epicentral region of the large hock of 1882, which was strong on all the 
coasts of the Bay. (See Doyle, 1882.) 
The stable mass of western Australia also has it marginal shocks. That 
of Xovember 19, 1906, was felt along almost the whole coast. Other 
earthquakes haYe been reported felt at Perth. On the oppo. ite side of the 
stable mass, moderate and occasionally damaging shocks have occurred 
in the tectonically disturbed region of outh Australia which extends 
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northward into the interior from the neighborhood of Adelaide. Only 
the following shock could be located: 
1939, :\farch 26 3:56:0 31° 138° E. B d 
The International Summary contains no '"ell-located continental Aus-
tralian epicenters. Off the northwest coast is an epicenter (unmapped) 
at 16! 0 S. 121° E., August 16, 1929 (Table 18). 
ANTARCTICA 
The records obtained by the DrscoYERY expedition in 1902 haYe been 
discussed already. Teleseisrnic obsen-ation indicates that the whole of 
Antarctica is completely inactiYe. This fact has ometimes been obscured 
by Yague references to shocks in "the Antarctic" "·hich were actually in 
the Southern Antilles or the ~Iacquarie Island loop. In both regions 
Yerifiable acfo·ity extends somewhat south of the 60th parallel. 
The International Summary and it predece sor report assign only 11 
shocks from 1913 to 1930 and none since then to latitudes from 65° south-
ward. These data have been re,·ie"·ed "·ith close attention. It was 
hoped that some of the results could be accepted, as in this part of the globe 
a single epicenter, established from instrumental data, would be of great 
significance, even though the location could not be specified within 10 
degrees. However, none of these epicenters are satisfactory. The follow-
ing notices are shorter than for the suppo ed shock of the Pacific basin. 
The same general remarks as to importance of P and S, late readings, and 
so forth, apply. :\'early all these epicenters depend principally on reported 
times at La Paz for P and S. Other data are mostly doubtful and late 
readings. ~lost of these shocks might be in any of the acfo·e regions of 
southern latitudes. 
65° S. 0° E. July 15, 1917, lQh. D ocs not fit the data, not even the Sat La P az. 
65° S. 0° E. June 16. 1921 , Q9h. La Paz and a few late readings. 
65° S. 39° W. J\lay 20, 1920, 04h. La Paz. doubtful at Helwan, and late readings. 
65.7° S. 50° \\'. Dec. 6, 1929, llh. Only four P 's, all in South America. A revised 
solution gives 65° . 47° W. ; the epicenter depends delicately on the time of S at 
Tananarive. This is a southern member of the Southern Antillean group, but the 
location is inaccurate. 
66.5° S. 170° E. Aug. 14, 1929, 02°. " \ -ery doubtful." P at five stations only. 
Comparison indicat es an epicenter "·ithin a few degrees of that of Oct. 9, 1938, at 
61° S. , 160° E. (Table 9). 
6 ° S. 90° W. Dec. 5, 1927, 17h. P and Sat La Paz and Sucre, at La Plata, and 
late readings. 
69° S. 10° E . Jan. 13, 1923, 09h. La Paz. doubtful Sat Riverview (reported as P), 
and late readi ngs. 
69° S. 10 ° \V. Sept. 1, 1919, 19h. La Paz, possibly Sat Riverview and :\Ielbourne, 
and late readings. 
73° S. 120° W. l\Iarch 22, 1917. 02h. La Paz, and late readings in Europe. 
90 SEISMICITY OF THE EARTH 
75.5° S. 150° E. Oct. 15, 1920, 14h. P and S at Riverview only. P readings at 
other stations have been taken as S, but still do not fit well. A few late readings 
77° S. 11° E. Aug. 17, 1918, lQh. La Paz, doubtful S at RiYerview, and 
late readings. 
~o great shock (class a) can have occurred in the extreme south since 
1904. Since about 1918 the International Summary provides assurance 
that a shock of class b could hardly ha,·e been overlooked or grossly mis-
placed. By definition, earthquakes of class care well recorded up to 90°; 
such a shock at the south pole would be well recorded at all stations in the 
Southern Hemisphere. However, these stations are not numerous, and a 
combination of errors and accidents might result in the loss of such an 
epicenter. It might be possible to detect a shock of class d and identify it 
roughly as occurring in the south polar area. 
Thus, Antarctica seems to be a stable mass comparable with those 
named above. It is not likely that an Antarctic seismological station 
would provide data that might modify this conclusion, since additional 
shocks most probably would fall into the minor classes, "·hich are charac-
teristic of major structures in other parts of the world. However, minor 
shocks in the Antarctic may prove to be better indicators of major struc-
tures and fractures than they are elsewhere. 
OTHER A::il'D l!INOR STABLE l!ASSES 
Of the areas usually named as continental stable shields there remains 
only that in eastern China. This is of smaller size than most of the others; 
it abuts against a very active region on the west and has marginal shocks 
in the coastal area to the east. One of the latter, on February 13, 1918 
(Table 14) was destructive at Swatow. The Chinese block appears to be 
the largest of several such blocks internal to the trans-Asiatic zone, of 
which the next most important is that of the Gobi Desert 
Among the important nonseismic areas of continental character should be 
included two oceanic areas. One is the Philippine Basin between the two 
main branches of the circum-Pacific belt. The other is that between the 
Easter Island Ridge and South America; its southern boundary is uncertain. 
Still other undisturbed oceanic areas can be picked out from t he maps. 
Of these, the Arctic Basin, north of Alaska, is probably an outlying area of 
Pacific structure. The shocks of 1920 and 1940 discussed i\ith the 
Canadian shield are marginal to it. 
Of the remaining land areas, Greenland is the largest stable mass; but 
it should perhaps be considered a detached part of the Canadian Shield. 
An important stable area includes Borneo, the ~'lalay Peninsula, most of 
Indo-China, and the intervening China Sea. Three epicenters near Borneo 
are listed in Table 12. That at 7° K. 114° E. (July 21, 1930) may be either 
marginal or internal to the principal stable mass. Those inland from the 
east coast (April 19, 1923 and April 13, 1924) are clearly marginal. For 
macroseismic data see Sieberg (1932a, p. 833). 
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Significant seismic activity is not altogether restricted to the principal 
active belts and the interior or marginal fractures of the stable masses. 
Two large areas, and seYeral smaller ones are characterized by fairly fre-
quent minor shocks and occasional larger ones. These areas necessarily 
fall between the stable ma ses and the actiYo bolts. The trans-Asiatic 
zone may perhaps belong in this classification, since it lies between the 
::;table mass of northern Asia and the Alpide active structures. However, 
its shocks are larger and much more frequent than those of the other regions 
now discussed. 
NORTH AlIERICA 
Previous discussion has coYered the earthquakes of the Pacific coast and 
Caribbean region, and also the marginal shocks of the Canadian Shield. 
The remaining shocks of Korth America occur in the interwning area, 
which is included in the United States and northern l\Iexico. For the 
former, see Heck (1938b). The l\Iexican shocks in question occur in the 
structural belt which extends north thrnugh the United States in the Rocky 
~fountains, where there is moderate actiYity. Probably the largest known 
shock of thi belt was destructiYe at Bavispe, in Sonora (l\Iexico), :.\lay 3, 
1887. The larger shocks of recent years (magnitude 6! to 6j) in this 
structural province were as follows: 
1925, June 28 Olb 46° x. 112° \\'. Montana 
1928, Nov. 1 Q4h 27° X. 105!0 w. Chihuahua, :\1exico 
1931, Aug. 16 lib 30.6° K. 104.1°\V. Texas 
1934, :\larch 12 J5h 42° X. 112!0 \\' . Utah 
1935, Oct. 19 Q4h 46! 0 x. 112° \Y. Helena, l\Iontana 
1935, Oct. 31 18h 46!0 X. 112° W. Helena, :\Iontana 
The epicenter for the 1928 shock is re\ised, with origin time at 04: 12: 49, 
and quality C. 
Earlier and smaller earthquakes demonstrate a general di tribution of 
moderate eismic activity throughout this region, decidedly lower than that 
of the Pacific belt to the west of it (which includes the shock. of western 
Kevada and Owens Valley). 
::.\Iinor earthquakes are fairly common in the outhern Appalachian belt. 
Probably the largest of the e in recent years, the Virginia earthquake of 
April 10, 1918, was of class d at best, as it was recorded only at the few 
nearer stations in eastern _ orth America. 
:Near the Atlantic coast is the epicenter of the Charleston earthquake of 
1886. The large area over which thi hock was perceptible sho,vs that it 
must have been of class b; while the effects near the epicenter n·ere so 
comparatiYely moderate, and show so peculiar a distribution and relation 
to the geology, as to suggest intermediate focal depth, although that can 
hardly have been so much as 100 km. Other shocks in the same area have 
all been small. 
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Off the northeast coast is the Grand Banks earthquake of ~ ovember 18 
1929 (class b, Table 4). Historical data suggest minor activity in the sam~ 
region. This epicenter is near the edge of the continental shelf, which 
may here be determined by actiYe structures. 
Another exceptional disturbance was the group of earthquakes in 1811 
and 1812 in the :.\Iississippi Yalley, not far from Xe\\" :.\'Iadrid (:.\Iissouri). 
One or more of these earthquakes must haYe been of magnitude 8 at least. 
Taking into account the enormous area disturbed and the Yiolent effects 
near the epicenter, they must be ranked as the greatest shocks in the history 
of the l-nited States. The structural relations of these shocks are not yet 
clear but the region is one of continuing minor seismicity. 
Occasional notable shocks, still less frequent and in general smaller than 
those of the Appalachian belt, occur in the central "Gnited States. 
NORTHEASTER!\ ASIA 
The region of extreme northeastern Asia was not included in the Eurasian 
stable mass, largely for structmal rea ons. The· geology of this area is 
little known: most authorities agree in limiting the Angara shield at the 
Verkhoyansk mountains in the region of the Lena River. This is the area 
terminal to the known e:o.i:cnt of the Arctic active belt. X o shocks are 
known in Siberia east of this district, except along the coasts. This of 
course should exclude the very active peninsula of Kamchatka, which is a 
mass belonging to the Pacific belt. 
Figure 8 shO\\·s two epicenters on Sakhalin (Karafuto). The shock of 
1924 was destructiYe on the island. Re,ision gives the following: 
192-t, :irarch 15 10:31:22 49° X. H2! 0 E. B b 
The other epicenter is that of July 10, 1932. Both shocks were shallow. 
This is important, because the region is one of frequent deep shocks 
(discussed with the circum-Pacific belt); these may account for other 
shocks felt in this region and in :.\Ianchuria west of it, where no shallow 
shock haYe been located. The few other shallow shocks placed in this 
region in the Summary are either imperfectly recorded or are misplaced 
deep shocks. 
At 56° X. 130° E. is the shock of J anuary 22, 1939 (Table 4). 
Two shocks (July 15 and October 10, 1931) are known from the epicenter 
at 59.3° ~. 147.8° E., on the north shore of the Sea of Okhotsk. 
An important epicenter (unmapped) is on the Arctic coast northwest of 
Bering Strait at 67° X. 172° 'V. The principal shock occurred on February 
21, 1928, at 19:49:04 (re,ised; quality A, class c). Aftershocks from the 
same epicenter occurred on February 24 and 26 and on l\fay 1, 1928. Xot 
far to the east is another unmapped epicenter. Revision gives: 
1926, July 1-t 22:22:25 66° x. 163° " '· c d 
This is on the north coast of Seward Peninsula, Alaska. It appears that 
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eastern Siberia and this part of Alaska are parts of the same structural and 
seismic province. 
Purely coastal or marginal activity like this is characteristic of the stable 
masses, as well as of other minor seismic areas. However, any conclusions 
must be drawn with caution. Xortheastern Asia is almost uninhabited, 
and there are no seismological stations near it. Seismicity comparable 
"ith that of most of northern Europe could not be detected there. 
Probably the region is analogous to the other areas discussed in the present 
section. 
CE~TRAL A~D \VESTERK EL"ROPE 
The exceptional circumstances of our information about the seismicity 
of Europe call for special treatment. Figure 14 shows epicenters selected 
on principles not applied to the other regional maps. " ' ithin the limits 
of the map every reliable epicenter ginn in the International Summary 
for January 1931 to :'.\Iarch 193-! has been plotted. This includes a number 
of minor shocks of class e, not othernise considered. 
A further list of epicenters (Table 20) resulted from a search through the 
International Summary and later bulletins for the large European shocks 
from 1918 to 1939. It contains only shocks well recorded out to 45° at 
least. The two Italian shocks of 1930 are of class c; the others are in the 
upper range of class d, with magnitudes probably all 6 or larger. Smaller 
shocks of class d in Figure 1-! are as follows: 
1931, April 24 15h 31.1° N. 19.9° E. 
1932, Jan. 2 23h 39.0° N. 17 .5° E. 
1932, May 22 17h 38.5° N. 15.0° E. 
1932, Aug. 3 ll h 40.0° N. 19.5° E. 
1933, :March 7 14h 41.1° N. 15.4° E. 
1934, Feb. 4 9h 41.4° N. 19 .3° E. 
African shocks shmvn on Figure 14, are from Table 15. All but two of 
these (1920, 1923) are comparable with those of Table 20. Almost all 
were reported strong or destructiYe on the African coast. The shock of 
. .\.pril 19, 1935 on the coast of Libya, is far the largest shock of recent years 
in this region. 
The shocks of Table 20 were destructiYe in the localities named. Epi-
centers for the first two have been reYised; those following, down to 1933, 
are taken from the International Summary, and the later ones are approxi-
mately as given by the central office at Strasbourg. 
The European area is divisible into several provinces of different charac-
ter, some of which have been discussed in preYious sections. In order of 
decreasing seismicity, these may be listed as follmYs: 
(1) The Balkan and Aegean area. 
(2) Italy a nd adjacent areas. 
(3) The Rhine region. 
(4) Great Britain, ScandinaYia. and the Xorth Sea. 
(5) The remainder of "·estern Europe. 
(6) The Baltic shield. 
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The limits of the Balkan actiw area are roughly the meridian of 20° E. 
and the parallel of .fl 0 :\ . (Fig. 10). This is a part of the trans-Asiatic 
zone, comparable with many other parts of it in seismicity. ?\orth and 
"·e~t of the indicated limits acfoity is far smaller. The northwestern 
TABLE 20.- Larger shocks in western Europe, 1918-1939 
Limits 37°-55° X., 5° \Y.- 20° E. 
Epicenter 
Day Time Region 
Latit ude, Longitude, 
degrees degrees 
1920, Sept. 7 05h 4-1 X. 10 E. Carrara, Italy 
1927, F eb. 14 03h -13 x. 18 E. Herzegovina 
192 , :.\larch 7 10h 38.6 X . 15. E. Calabria, Italy 
192 , :.\larch 27 QSh -16.5 :'\. 13.0 E. l:dine, I taly 
•1930, July 23 ()()h -11.1 :'\. 15.4 E. lrpino, Italy 
•1930, Oct. 30 07h -13 .6 :'\ . 13 .5 E. Off Ancona, Italy 
1930, Xov. 21 02h -10 .0 :'\. 19 .5 E. Albania 
1931, June 7 ()()h 53. :'\. 1.2 E. Xorth Sea 
1933, Sept. 26 03h -12 .0 :'\ . 1-1 .2 E. Abruzzi, I taly 
1936, Oct. 18 03h -16 .2 :'\. 12.5 E. Venetia, I taly 
1938, :\!arch 27 U h -15 .8 :'\. 17 .0 E. Croatia 
193 , June 11 ]Qh 50.6 x. 3.6 E. Belgium 
1939, May 20 Q9h 41. 1 :'\. 19.3 E. Albania 
• or class c; all othe1" of class d. 
corner is in a quite active district, near the coast of Albania; two shocks in 
Table 20 fall close to it. Another hock, just to the east and consequently 
not mapped, was that of January 28, 1931, 05\ at 40.1° K. 20.5° E ., 
destructive at and near Koritza. 
The Italian seismic area includes Italy and Sicily, the Adriatic, and the 
Dinaric mountains to the east. The activity is higher than that of north-
western Europe, but decidedly lower than that of the principal seismic 
regions. The two largest shocks of Table 20, in Italy, are still only of 
class c. The }lessina earthquake of 1908 was approximately of magnitude 
7, on the border between classes b and c. The area belongs to the Alpide 
zone, N eo-Europa of Stille. The shocks of Korth Africa and of the Betic 
mountains in southeastern Spain belong to the same group. So do the rare 
and minor shocks of the Pyrenees and southern France, from the geological 
point of view; the seismologi t would rather group them under the slightly 
actiYe regions of western Europe. 
The hocks of the Alps are not easily included with the "Alpide" activity 
of Italy ; they are smaller and less frequent. (See Wanner, 193.f.) They 
are classified more naturally as members of the belt of epicenters extending 
northwest from Switzerland parallel to the Rhine structures, in the trend 
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of the Italian and Adriatic zone. Thi. is a region of minor eismicity, such 
as would not eYen be noticed in general di cussion if it were anywhere eLe. 
In a region like northea tern Asia, ~uch activity would be quite unknown. 
SHALLOW SHOCKS 
CLASS b * 
CLASS c X 
CLASS d x 
CLASS e o 
DEPTH 270 km. V 
15 
: 0 0 
FIGt:RE 14.-,llap of epicenters, u:estern and central Europe 
For a recent discu ~ion of the Rhine structure con idered as rifts see 
Cloo~ (1939, p. -l-15-162). The Rhine region is capable of producing an 
occasional shock comparable with tho e of Table 20. (See Sieberg, 19-10.) 
uch were the strong shock at Ba el in 1356, and the South German 
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earthquake of Xovember 16, 1911. The latter proYided much valuable 
seismological information bearing on th(' crustal structure of Europe 
(Gutenberg, 1915). The Belgian earthquake of 1938 (Table 20) perhaps 
belongs with the following group. 
The northern region of Caledonian folding (Stille's Palaeo-Europa) 
shO\YS notable minor seisinicity. In view of the complete quiescence of 
much younger structures, it is highly improbable that these shocks repre-
sent any persistence of the Caledonian orogeny to the present time. 
Stresses of more recent origin have produced fractures in the Caledonian 
mas , or haYe rejuvenated old faults of Caledonian age. In Scandinavia 
the e stresses are generally attributed to the uplift of the land after removal 
of the Pleistocene ice load. (See Gutenberg, 1941.) 
The history of X orwegian earthquakes was summarized by Kolderup 
(1913), in a paper which has been followed by a series of annual reports. 
The arnilable history is comparatively short, Koldemp's earliest shock 
being dated 1612. Probably none of these shocks were larger than class d. 
Instrumental records are arnilable for the largest (October 23, 1904). 
This "·as a shock similar to those of Table 20 in the SkageJTak near 58t0 X. 
101° E . On ~larch 9, 1866, there was a somewhat smaller shock on the 
north\Ye!'t coast near Trondhjem and I~·istiansund . . 
The compilation for Great Britain by Davison (1924) is the most ex-
tended critical history arnilable for a region of such low acfoity. Davison 
lists the earlie t authentic British earthquake as of date 974. His list 
suggests nearly uniform seismicity in the time covered, as the frequency of 
listed shocks does not greatly vary until the beginning of scientific investiga-
tion in the seventeenth century. The low level of activity is apparent 
from the fact that from 974 to 192-! Davi on lists only 1191 shocks, of all 
sizes down to the mallest; and over 600 of these are accounted for by 
swarm of minor shocks at Comrie and ~Ienstrie in Scotland. As Davison 
point out, the activity in Scotland differs from that in England and Wales; 
more mall shocks are knO\rn in Scotland, and the stronger shocks there 
constitute a large fraction of the total for Great Britain. The Scottish 
!'hocks ar<' more plainly associated with knO\\·n strnctures than the others; 
thus many important shocks have occurred along the Great Glen F ault, 
at Inwrness and southwest of it. 
The largest shock listed by Davi on occurred at Colchester, in the south-
east of England, in 1 84. The Xorth Sea shock of 1931 (Table 20) was 
still larger, and t hus ranks a the largest ::;hock in the British region for a 
thousand years. Other shocks haw occuned still farther out in the ) forth 
Sea, uch as that of January 9, 1927, near 59° X. 5° E. 
The region designated by Stille as JI eso-Europa is transected by the 
Rhine belt of activity; otherwise its seismicity is extremely minor. For 
a discussion of Germany see Sieberg (1940). Swarms of small hocks in 
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Yogtland, Saxony, have been described by Etzold (1919). Small locally 
damaging hocks have occurred about the coa ts of France, particularly 
near X antes and in the Channel Islands; similar hocks are known from the 
coast of Portugal, although some of the destructive shocks affecting that 
region originated far to the southwest in the Atlantic continuation of the 
~Iediterranean zone. 
AUSTRALL>\. AND OTHER REGIONS 
Australia east of the stable mass is a region comparable with the Appa-
lachian belt of ~forth America in structure and seismicity. The known 
shocks are all small; most of them arc on the south and southeast coasts, 
particularly near Bass Strait. The marginal shocks of the stable mass 
near the west coast and in South Australia have been previously noted. 
The small shocks of the interior of Queensland may possibly also be 
marginal in the same sense. One of these was responsible for the establish-
ment of a station at Brisbane. (See Bryan and Whitehouse, 1938.) The 
seismicity is on a lower level than that usually considered in this study. 
The Cape region of South Africa is also one of Palaeozoic folding. 
Shocks occur in the interior, marginal between the Palaeozoic area and the 
African stable mass. The shocks of the ~Icndoza region in Argentina 
(discussed with the Pacific belt) are . imilarly placed between the border 
of the Brazilian shield and the Palaeozoic pre-Cordillera. 
Mll\OR SEISMICITY 
Minor earthquakes occur almost anywhere. Practically all existing_ 
seismological stations have recorded local earthquakes in their immcdiate1 
vicinity. However, seismographs with long-period characteristics, such 
as are suitable for recording distant earthquakes, often fail to write legible 
records of nearer shocks, even when these are perceptible at or close to the 
station. Short-period instruments, which are sensitive to small local 
shocks, have mostly been installed in active areas; comparatinly few are 
in regions of minor sei micity. 
This influence of the type of seismographic installation on our knowledge 
of local scismicity is demonstrated by recent developments in the north-
eastern "C nited States. This had long been considered as a region of rare 
seismic disturbance, although a few moderately strong shocks (such as 
that of 1755) were known. Since the installation of short-period Benioff 
instruments at several stations in this area an unexpectedly large number 
of small local earthquakes are regularly recorded. The bulletins of the 
-ortheastern Seismological Association show local disturbances each 
month. Some of these have been traced to artificial sources such as quarry 
blasting; but many are undoubted natural earthquakes. 
There arc few region where we have both historical and instrumental 
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data on minor activity. Europe is the only area of lO\Y seismicity for which 
both are available, and even in Europe many of the instruments are ill-
suited for the study of minor local shocks. 
The somewhat different problem of minor acti,ity in a region of marked 
· . 
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FIGURE 15.-Map of epicenters and faults , southern California 
seismicity may be studied with the aid of the results in southern California, 
where a local group of eight stations is in operation, \\ith supplementary 
data available from temporary installations and stations outside the area. 
Figure 15 shows all epicenters for shocks of magnitude 3 or more in the 
area 33°-35° N., 116°-119° W. during the years 1934- 1940 inclusive. 
Each epicenter is given a symbol indicating the magnitude of the largest 
shock associated with it in that period. The numerous smaller shocks from 
identical epicenters are not indicated. In addition, shocks of magnitude 6 
and over in recent years have been shown, as follows: 
1916, Oct. 23 
1918, April 21 
1933, March 11 
1937, March 25 
34 .7° N. 118.9° \V. 
33.7° X. 116.9° W. 
33.6° x. 118. 0° w. 
33.5° N . 116.6° \V. 
San Andreas Fault 
San Jacinto Fault 
Inglewood Fault 
San J acinto Fa ult 
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The principal known faults are indicated in the figure; the "foothill 
fault zone," consisting of a series of disconnected traces along the front 
of the San Gabriel range, is shown as a dashed line. The general lack of 
clear association between minor shocks and important faults should be 
noted. ::Vlost of the many small shocks are located close to one or another 
of the numerous minor faults which are common throughout the region. 
Only the larger shocks show definite association with the larger fractures. 
It should be added that the only major earthquake known to have occurred 
in this area, that of January 9, 1857, originated on the San Andreas Fault. 
There was probably displacement along all that part of the fault shown on 
the western half of our map, extending northwest far beyond its limits. 
In recent years most of this part of the fau lt has been almost completely 
quiescent (note the absence of epicenters for small shocks); the same 
applies to most of that segment of the same fau lt zone along which dis-
placement took place in the major earthquake of 1906, farther north. 
In a later section it will be shown that the larger earthquakes represent 
a dominant fraction of the seismic energy released. Thus it follmYs that 
most of this energy is released along the major structures. 
GEOGRAPHICAL SCMMARY 
The results of the study are presented in summary form in Figure 16. 
Instead of using individual epicenters, this map represents the active 
zones as continuous, though care has been taken to break them where 
present evidence does not seem to warrant drawing them through. The 
zones are shown as widened where activity is intense. Shallo"·, inter-
mediate, and deep earthquake zones are distinguished by different shading. 
Deep shocks, in the restricted sense, show a distribution which is difficult 
to interpret. Like the shallow shocks, they occur chiefly in belts or zones, 
although it is not known whether the limited active areas in South America 
(Fig. 4) are parts of a single belt. These belts are rather plainly associated 
with the circum-Pacific structural and seismic belt, which must then be 
taken to include the Sunda arc in the East Indies. Belts of deep shocks 
often run roughly parallel to surface structures, and generally on the side 
a\rny from the Pacific basin. In some regions, as near the Sunda arc and 
the ).farianne Islands, this paralleling is at shorter distance than in others, 
like :Manchuria. The transYerse belt across the Japan Sea diverges com-
pletely from t he apparently associated belt of surface structures. 
In the Pacific region intermediate shocks occur in belts which are usually 
parallel to belts of shallow shocks, and almost always run directly along 
orogenic lines of Cretaceous or Tertiary age. These lines are generally 
also those of active or recently extinct volcanism; but in many parts of the 
world, notably in the Atlantic and in Hawaii, volcanoes are not accom-
panied by intermediate shocks. 
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Outside the circum-Pacific belt inte11nediate shocks are known only from 
a few localities in the Alpide part of the trans-Asiatic zone. Among these 
are the very active sources in Rumania and in the Hindu Kush; several 
others are related to the folds surrounding the Indian stable mass. 
There are some well-known seisinic zones characterized by a large 
majority of intermediate shocks, \\ith a few shallow shocks, and earth-
quakes of large magnitude in both classes. Among these are the west 
coast of South America, the :.\Iarianne Islands line, and the 'icinity of the 
~ ew Hebrides. 
Especially in the Pacific region there are numerous cases where the belts 
of shallow, intermediate, and deep shocks have a particular relation t o 
the surface structures. Shallow shocks occur between the oceanic troughs 
or foredeeps and the nearest land or island chain; intermediate shocks 
generally under the island chains (the orogenic lines of late date, noted 
above); and very deep shocks still farther removed from the ocean troughs. 
In northern Japan and the :.\Iarianne Islands line the oceanic front of this 
structure is that of the deeps bordering the main Pacific basin; in South 
America and the Philippines the front is on eA-ternal parts of the Pacific 
Ocean, probably continental in structure; in the Sunda arc the front is on 
the Indian Ocean. Finally, in the region of the Xew Hebrides and Solomon 
Islands the front, "ith its foredeeps, is on the southwestern side, away 
from the Pacific basin, and the whole order of structures is reversed from 
that prevailing farther east and west. 
In several regions, such as Japan and South America, there are two 
separable groups of intermediate shocks; one at depths near 100 km., the 
other at 200 to 300 km. 
Shallow shocks chiefly occur on the circum-Pacific belt with its various 
branches, the trans-Asiatic zone, and the Arctic-Atlantic and Indian 
Ocean belts. The latter two, as well as the Easter Island branch of the 
Pacific belt, follow oceanic ridges which are in reality submarine mountain 
ranges, corresponding to the manner in which other seismic belts follow 
known mountain systems and island chains. 
Some other important shocks have been described as marginal to the 
continental stable nuclei. In general these shocks do not fall on the 
edges of the continental sheh·es, sa,·e for a few cases where there is reason 
to suspect that the edge of the shelf coincides with that of the stable shield. 
Apart from this, the liinits of the sheh·es are nonseismic; if they are deter-
mined by structures, those structures are now inactive. 
The seisinic zones divide up the entire surface of the globe into blocks, 
the interiors of which are relatively nonseismic. One of these blocks is the 
Pacific basin; the others, at least the larger ones, are continental in charac-
ter. In the central region of each continental block is the stable shield or 
continental nucleus, with active interior fractures and marginal seisinicity. 
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Between this stable shield and the actiYe zones bounding the block is a 
wide zone which is not quite as inactiw as the stable shield itself. That 
part of this ub table zone adjarent to the stable shield often contains an 
old mountain system, such as the Appalachian system or the mountains 
of eastern Australia; in such a mountain sy tern the seismicity is often 
slightly higher than in surrounding areas. 
The exact boundaries of the blocks are not ahrnys clearly defined. Thus, 
the X orth American block lies bet"·een the Pacific and Arctic-Atlantic 
belts. Should it include the substable region of northeastern Asia as well 
as northern Alaska? There is nothing to separate the Xorth and South 
American blocks on the Atlantic side. The African block is not well 
defined on the northeast, where its relation to the Arabian mass is uncertain, 
and may be compared with that of X orth America to Greenland. The 
mutual boundaries of India, Australia, and Antarctica fall in the Indian 
Ocean where shocks are few and other data incomplete. 
There are isolated areas of Pacific structure. The hYo most definite 
of these are the Caribbean and the region surrounded by the Southern 
Antilles between South America and the Antarctic; the former is definitely 
closed, while the latter may not be. The statu of the similar i\Iacquarie 
Island loop is uncertain. It is not known how much of the Antarctic 
Pacific is continental in character, but the region may contain several 
areas of Pacific type. Evidence from amplitudes of reflected sei mic 
waYes suggests an area of Pacific type in the Arctic basin off the north-
western American coast. 
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\'ery little can be stated about the frequency of occurrence of deep-
focus earthquakes. Even the larger deep shocks are catalogued ";th 
reasonable fullnes only since about 1931. Small deep-focus shocks are 
hard to identify, and the magnitude of the smallest such shock which can 
be listed in a giYen region depends largely on the number and equipment 
of the local stations. Thus, the numerous local stations in Japan, together 
with the close attention of Japane e seismologists to the problem, makes 
the listing for the vicinity of Hon. hu, at least, more complete than any-
where else in the world; \Yhile in South . .\merica, the po sibility of. tudying 
imultaneously the records \\Titten at Huancayo and at Pasadena has led 
to listing many shocks, especially at intermediate depths, which other-
wise would have been overlooked. On the other hand, it is well estab-
lished that deep shocks have been lacking in California, at least in recent 
years. 
Table 21 shows the total number of kno'rn deep-focus shocks; the depth 
ranges are within 25 km. of the depths giwn at the head of each column. 
Xumbers are listed separately for the chief actiYe areas. Shocks less 
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than 80 km. deep haYe been omitted; in many regions it is nearly impos-
sible to separate them from shallow shocks, and their number is un-
doubtedly greater than that indicated by the small representation in our 
lists. 
TABLE 21.-.Vumber of shocks listed al various depths 
R . eg1on 
lexico, Central America . :.\ 
s 
::\ 
.. ... .. 
outh America ... .... . .. . .. ' .. . . 
. -ew Zealand, Tonga, Samoa ..... 
::\'ew Hebrides to ::\ew Guinea .... 
unda Islands s 
c 
L 
J 
H 
0 
. . . . . . . . . . . . ...... 
elebes to :.\'li ndanao ........ ... .. 
uzon to Kiushiu ...... ..... .... 
apanese Isl ands .. . . .... .. . . .. 
indu Kush ....... - - ...... .... 
thers ..................... .... 
Total .... . .. .. . .. . . .. . ....... 
Depth in km. (Range ±25 km.) 
100 150 I roo 1250 . 300 350 400 450 500 550 
- ----
20 4 2 J 
46 22 18 7 2 1 
11 3 3 1 2 J 4 6 9 
22 16 9 1 2 3 3 1 
21 12 9 1 1 3 1 
3 6 10 2 4 1 2 1 
10 7 4 3 
33 26 12 5 12 27 25 12 14 14 
1 14 25 
11 13 1 1 
- 1-
- - - - - - - -
1781 109 2 46 23 32 36 13 23 25 
600 650 700 
5 11 
10 5 1 
10 1 5 
3 1 1 
6 1 
- - -
34 19 7 
The number of shocks falls off rapidly with increasing depth, down to 
the lower limit of intermediate shocks at 300 km.; below this the general 
distribution for the whole earth is fairly uniform with depth until the 
greatest depths are approached. This is not true of the individual regions, 
since nearly every limited area has two or more characteristic depths near 
which shocks are most frequent. 
The range in magnitude for deep shocks appears to be about the same as 
for shallow shocks, but no safe criterion has been applied to assign magni-
tude to a deep shock. Even from the greatest focal depths known, some 
shocks are recorded with body waves as large as those of the largest shal-
low shocks. 
The following discussion refers exclusively to shallow shocks so that 
conclusions with reference to the general seismicity of the earth are subject 
to modification wheneYer it becomes possible to take account of deep 
hocks systematically. 
For the larger magnitudes, data are given in Table 22. From 8! to 
8 the shocks are all from Table 5. There are 36 in 37 years. For 7-i 
there are 18 shocks in Table 5; 2 shocks given in Table 4 as 7.7 have been 
added to this total. Combined aYerages are 1.0 shocks per year of magni-
tude 8 or over, and 8.3 shocks per year of magnitude 7 to 7.9. Classifica-
t ion of shocks in the International Summary for 1931- 1933 gives about 
284 earthquakes of magnitude 6 to 6.9 or about 95 per year. 
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The shocks of lowest magnitude in each table are probably slightly too 
few in number, as doubtful cru es have generally been omitted. At these 
lowest levels in the respective tables it is probable that the geographical 
coverage is incomplete, so that shocks in remote regions have escaped 
inclusion. This is certainly true for the shocks of class d. 
:Magnitude 
7.6-7.4 
7.3; 7.2 
7.1; 7.0 
TABLE 22.- Frequcncy of large shallow shocks 
"'o. of shooks 
121 2-l. years 
26 
No. per year 
0.1 
0.2 
0.6 
0.5 
1.5 
3.0 
3.3 
To sum up, there are roughly: one shock per year of magnitude 8 and 
over, 10 shocks of magnitude 7 to 7.9, and 100 shocks of magnitude 6 to 6.9. 
Over this range there is approximately a tenfold increase in frequency for 
every decrease in magnitude by one unit. 
Xo reliable statistic for shocks of magnitude less than 6 can be set up 
for the world as a whole. Such shocks must be studied in limited regions, 
on the assumption that in general they bear a constant proportion to the 
Larger shocks of the corresponding areas. 
At present Southern California is t he only area for which shocks of the 
smaller magnitudes are recorded, located, and catalogued with sufficient 
regularity for the purpose. Data used in the following paragraphs have 
been compiled by Mr. R. E. Rogers, who is also responsible for a majority 
of the epicentral determinations, and for routine assignments of magni-
tude to the nearest half unit on the Pasadena scale. 
For the years 1934 to 1939 inclusive, and for an area selected for its 
favorable situation with respect to the recording stations, including most 
of Southern California and a small part of adjacent Mexico, the numbers 
arc: 
Magnitude No. of shooks Sum 
6 ;} 4 54 
5 14} 65 4! 51 
4 150} 486 3! 336 
3 677 
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Shocks of magnitude less than 3 are omitted, as they certainly are not 
uniformly catalogued OYer the area. Those of magnitude 3 are probably 
not completely coYered, particularly in the remoter corners of the area. 
Xoting this, the rule of tenfold increase in the number of shocb for one 
unit decrease in magnitude still holds approximately. 
For smaller shocks the data are fairly complete for the same year , 193-1-
1939, in the area between the limits 33t0 - 3-±!0 :\., 117°-118° W. This 
lies just east of Pasadena, and is "·ell coYered by the three first-class sta-
tions at Pasadena, ~1t. Wilson, and Rirnrside (Fig. 15) . The following 
list probably includes all shocks in this small area down to magnitude 2!. 
The number for magnitude 2 is probably somewhat too small, but not by 
any large factor, as shocks of that size wTite conspicuous records on the 
sensitive short-period instruments at the stations named. Some of these 
may be due to blasting operations (eYen major blasts seldom exceed magni-
tude 2 seismometrically). 
Magnitude Ko. of shocks Sums 
5t ~} 5 
4! 1~} 4 18 
3t 2:} 3 109 
2! 122} 2 176 298 
This supports the rule of tenfold increase down to magnitude 3; but the 
smaller shocks are evidently not so numerous as might be expected on that 
basis. This is of course to be anticipated, as the number of earthquakes 
cannot go on increasing uniformly with decreasing magnitude, but must 
have a ma)cimtun of frequency at some leYel. 
Assuming that the Californian shocks are representatiYe of general con-
ditions, and attaching the results from California to those found directly 
for the whole \Yorld in the higher magnitude leYels, the conclusions follow: 
Great earthquakes .................... . ....... . .. . 
:\Iajor earthquakes .......... . ... . ............. . .. . 
Destructi\·e shocks ....... . .. .. .. . . . ..... .. . ... . . . . 
Damaging shocks .. . .. . . . . ...... . ... .. ... . . . . 
:\Ii nor strong shocks . . .. ..... . . ... ...... . ..... . . .. . 
Generally felt. .... . . .... . 
Magnitude 
8 or more 
7-7.9 
6-6.9 
5-5.9 
4--1.9 
3-3.9 
Annual number 
1 
10 
100 
1()()() 
10000 
1 ()()()()() 
The total number of shocks potentially strong enough to be perceptible 
to persons in a settled area (magnitudes 2 and over) must be of the order of 
F'eYeral hundred thousand per year. Including aftershocks and swarms 
of small shocks, the total may be well oYer a million. 
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Extrapolation to the high ide would suggest one shock of magnitude 
9-9.9 about eYery IQ years. Certainly ince 1900 no shock over magni-
tude St has taken place. ~one of the greater shocks for which we have 
reliable historical descriptions appear to have been of much higher magni-
tude, although a hock of magnitude 9t would release energy about 100 
times that of the largest known shock, and ought to occupy an exceptional 
place in the historical record. The great Indian earthquake of 1S97 ap-
parently showed no effects exceeding those of the Kansu earthquake of 
1920; and the seismograms of the Alaskan shock of 1S99 suggest a magni-
tude between St and S!. A more ~eriou question relates to the magni-
tude of the Lisbon earthquake of 17 55, ince the phenomena of seiches 
indicate that the surface waves were very large over the whole of western 
Europe. Even this shock could hardly have exceeded magnitude 9. 
Presumably the frequency of earthquake decreases rapidly as the mag-
nitude approache an upper limit. This limit must be set by the strength 
of crustal materials, so that it is impossible for stresses to accumulate be-
yond a certain critical value. From isostatic data, Tsuboi (1940) calcu-
lates the maximum energy of an earthquake as 5.6 X 1024 ergs. This 
agrees \\;thin the limits of error with the energy of the largest earthquakes. 
At the other end of the scale, there i probably a lower limit for the 
magnitude of ordinary earthquakes, rcpre enting the stress necessary to 
open a fracture in a weak zone. Ju t after a large shock, when the zone 
has already been disturbed and fractured, small stresses more easily 
produce movement; this partly explains the large number of small after-
shocks usually follo"·ing a large earthquake. 
From the figures on frequency given above it is clear that the release of 
seismic energy occurs chiefly in the shocks of larger magnitude. Thus, 
although there may be 10 times as many shocks of magnitude 7 as of mag-
nitude S, each of them releases only 1 per cent of the energy of that re-
leased by one of the larger shocks, and the total energy release in magni-
tude 7 is still only one tenth that in magnitude S. The relation continues 
down the scale, as far as the rule of tenfold numerical increase holds. 
This phenomenon was noted for the lower magnitudes in Southern Cali-
fornia in the first paper on magnitude by Richter (1935). It was found 
that in any limited district the shocks of largest magnitude occurring dur-
ing any inten·al of obsen·ation liberate nearly all of the seismic energy 
for that interval. This result, as shown above, extends to the whole world 
and to the largest shocks. 
·Mechanically, it must be concluded that the larger stresses accumulate 
without reference to the release of energy in minor shocks or along minor 
structures. In general, it is not true that minor shocks function as a 
"safety valve" to delay the occmrence of a great earthquake. Rather, 
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minor shocks on minor structures are symptoms of a regional strain, only 
a small part of which is being transferred away from the major structures 
along which it will eventually find release in a major earthquake. 
The total energy released by a shock of magnitude St has been estimated 
at 1025 ergs (Gutenberg and Richter, 1936). Using this and the corre-
sponding figures for lower magnitudes, Table 22 sho"·s a release in energy, 
in shocks of magnitude 8 and over, of 9.0 X 1025 erg in 37 years, or 2.4 
X 1024 ergs per year and 0.4 X 1024 ergs per year for shocks from magni-
tude 7 to 7.9. If we add one tenth of this for magnitude 6 to 6.9, and so 
on for lower magnitudes, the energy released by all shocks is close to 3 X 
102~ ergs per year, or 1017 ergs per second. This means performance of 
work at an a\erage rate of 10 million kilowatts. Kearly one third of this 
energy release is represented by the four largest shocks (magnitude 8t) 
in Table 5 and over 80 per cent by the shocks of magnitude 8 and over. 
Of 53 shocks in Table 5, one is in California and another in Xevada; of 
68 in Table 4, one i in California. This would suggest assigning to Cali-
fornia about 1 to 2 per cent of the sei micity of the world. If that of the 
southern California area chosen for statistical purposes were taken as 
one fourth of 1 per cent, there would result about 1000 shocks of magni-
tude 5 and 5! annually for the world, as given above. 
Roughly 80 per cent of the seismic energy of the world i released in the 
circum-Pacific belt and its branches, over 15 per cent in the trans-Asiatic 
zone, and less than 5 per cent in the re t of the world. 
This energy is not released at a uniform rate, nor regularly distributed 
over the seismic regions. There are years, and shorter intervals, when 
activity is abnormally high, and others when it i unu~ually low. Fur-
ther, for a period of weeks, significant activity may be concentrated in a 
limited region. These effects apparently are within the limits of normal 
statistical fluctuation but may exceed them in certain regions. (See 
Wanner, 1937.) These highly irregular variations bear no e'-i.dent rela-
tion to the minor periodicities which haw sometimes been claimed. These 
periodicities, superposed on the large general fluctuation, are somewhat 
controversial; the reader should compare the findings of Tams (1931, p. 
419-!33), Conrad (1932), and Davison (1938). 
Few definite changes in seismicity have occurred during historical time. 
Chronologically long histories for such active regions as Japan, China, 
the Xear East, and Italy indicate acti\-i.ty of about the same character as 
in very recent years, with shocks of the same range of magnitudes occurring 
in the same areas, apart from a few individually exceptional events. For 
less active regions, the best available history is that of Great Britain, 
extending over about a thousand years with no sign of secular change. 
Otherwise comparatively quiet regions may have short periods of un-
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usually high seismicity. The following i quoted from Kunitomi (1937, 
preceding p. 1): 
"Xow-a-days, in Tyoscn, slight attention is given to the study of earthquake 
owing to a minority of local shocks. X evertheless, about 300 years ago, at an active 
period, frequent strong shocks were experienced all over the peninsula and inflicted 
severe damage to the buildings and human beings. Therefore, the seismological 
observation must not be neglected even in the present time of less activity." 
A recent case of this sort is that of the long series of strong shocks in 
the Indian Ocean, near 3-1° S. 51° E., from 1925 to 1933. In a settled area 
such a series of shocks would have brought about a series of disasters. 
There may have been such a time of increased seismieity on the African 
Rifts about 1910-1913. An unu,,ual number of n ry destructive shocks 
is known from Palestine and Syria during the eleventh and twelfth cen-
turies. 
Individual shocks, or brief group;;: of large shocks, frequently have this 
exceptional character. Examples are the ::\Iississippi \'alley shocks of 
1811- 1812, the Charleston earthquake of 1886, the Baffin Bay shock of 
1933, the ,,·e t Cuban earthquake of 1880, and the destructive shock at 
Ba el in 1356. 
Seismicity must have changed greatly in the course of geologic time. 
Stresses producing shocks in northern Europe have been attributed to 
unloading of the Pleistocene ice burden; this may apply to some of the 
Canadian shocks. Though present seismicity affords almost no clue to 
the location of the geologically older structures, yet the formation of these 
structures must have been accompanied by many earthquakes. Present 
evidence of broad regional a:;;;;:ociation of earthquakes and volcanoes may 
be applied to stratigraphical and structural evidence of past volcanism in 
many parts of the world \Yhich are now relatively stable. Contemporary 
shocks at intermediate depthr- folio,,· ,·olcanic lines, which in their turn 
follow Tertiary orogenic trend;;. 
Ho"· far the present major active belts can be traced back into geological 
history is an important question. to which only tentative answers are 
possible. The circum-Pacific belt, in one form or another, has certainly 
had a long history, corresponding to the geological antiquity of the Pacific 
basin; its several sections and branches have undoubtedly undergone 
many changes and much deformation. The hi tory of the trans-Asiatic 
zone must be connected with that of the inland sea Tethys. The Atlantic 
and Indian Ocean belts mark the contacts between important sections of 
the crust, which have certainly existed as units during most of the Ter-
tiary while their remoter history is more doubtful. 
E..\.RTHQC..\KES ..\.XD OTHER PHE'.'IOJIIE).TA 
The association of volcanic and seismic regions is rather general and 
loose. Both earthquakes and volcanoes are connected ";th the weaker 
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crustal zones, and consequently show a similar distribution over the world 
when studied on a small-scale map. Both are most frequent in the circum-
Pacific belt of structures and its branches. Proportionately fewer vol-
canic vents than earthquakes are known in the trans-Asiatic zone; while 
volcanoes, and islands of volcanic rock, are frequent in the Atlantic and 
Indian Ocean in association "ith moderate seismic activity. 
Volcanic vents are usually at distances measured in hundreds of kil-
ometers from the principal tectonically acti\·e faults and structures. This 
applies to shallow earthquakes only, since intermediate shocks frequently 
occur directly under the structures marked by volcanic vents. 
Probably no causal connection exists between intermediate shocks and 
present volcanic activity, since both are very likely due to the same remote 
orogenic processes. 
Large gravity anomalies have been much studied "ith reference to 
earthquake epicenters, since such anomalies suggest an abnormal condition 
of the crust likely to be accompanied by unusual stresses. Xarrow belts 
of large negative graYity anomalies are kn0\n1 to occur off Japan, in the 
East Indies, and in the \Vest Indies. These anomalies are generally found 
associated with oceanic troughs or foredeeps, however, the greatest nega-
tive anomaly is generally not oYer the trough, but adjacent to it. This 
adjacent belt is frequently marked by epicenters of shallo''" earthquakes. 
Troughs, rises, belts of gravity anomalies, \"Olcanic chains, and seismic 
belts of different classes tend to occur together in a definite order of asso-
ciation, which is best explained with reference to a particular example 
(Fig. 17). The hypocenters of shallow and deep earthquakes near the 
section AB are projected onto the plane of the section. Gravity data 
are taken from Yiatuyama (1936). (See also Kumagai, 19-10.) 
In this region earthquakes, gravity anomalies, volcanic vents, and struc-
tures are aligned along relatively narrow belts with a northeast-southwest 
trend. The section crosses these belts nearly perpendicularly. ~ear its 
southeast end the deep Pacific basin descends into the deeper Japan Trench. 
Shallow shocks occur chiefly under the steep continental slope west of this 
trough. Along this slope is the belt of greatest negative graYity anomalies, 
the greatest seismicity practically coinciding with the center of the belt. 
On land the gravity anomalies become positive, and are accompanied by 
volcanism and shocks at intermediate depth down to 250 km. The deeper 
of these probably form part of a separate belt of epicenters. The second 
volcanic belt marked in the figure probably coincides only accidentally 
mth the epicenters of certain deep shocks, since it has a nearly north-
south trend, while the line of deep shocks crosses it in a northeast-south-
west direction (Fig. 8) . The still deeper shocks shown under the Asiatic 
mainland are part of another belt. 
The foci of deep and intermediate shocks appear to fall on a single smooth 
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surlace dipping at about 30 degrees under the continent. HoweYer, in no 
region where deep shocks can be investigated, is there conclusive evidence 
of such an active surface; rather, the shocks occur in belts traversing the 
hypothetical surface, and leaving large parts of it blank. This may be 
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due to the incompleteness of our information, or the active belts may be 
intersections of the supposed surface 'IYith other structures. Such an 
inclined smface need not be a continuous fracture zone, but may simply 
be a locus of maximum stress. 
Like most "typical examples,'' Figure 17 is exceptional in that all the 
features which it is desired to illustrate are clearly represented. The 
choice of such sections is especially limited by the lack of gravity data in 
many important regions. A more or less continuous belt of negative grav-
ity anomalies runs east of the ~Iarianne Islands and then northeastward 
in the vicinity of the deep troughs off Honshu (Matuyama, 1936). The 
known belt begins at about 28° X. 1-13° E. and trends slightly west of north, 
following the '\Yest slope of a trough, accompanied by shallow shocks 
(Fig. 8). West of this, along the line of small islands, is the much more 
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acti,·e belt of intermediate hocks, accompanied by positive gravity anom-
alies. ... ear 35° K the gra,ity anomalies are le~ marked; but they 
become strongly negative again to the north, where there is Yery high 
seismicity. 
In a (unpublished) discussion at the 6th Pacific Science Congress in 1939, 
Professor Matuyama stated that "strong negati\·e anomalies follow the 
eastern coast of Honsyu at some distance off the coa t and turn in the 
direction of the ::.\Iarianne Islands in the neighborhood of the Fossa ~1agna. 
In the central and southern parts of Honsyu positive gravity anomalies 
prevail. A line of minimum gravity anomalies which, however, in most 
of the region still are positive, follows the central part of southern Honsyu 
and then turns southward. This minimum coincides with the belt of 
shallow earthquakes in this region." 
All these phenomena are well exemplified in the region of Sumatra and 
Java. The gravity data are those of Yening ::.\Ieinesz (19-10). The strnc-
turcs and attendant phenomena are di tributed along a series of curving 
bands parallel to the trend of the unda arc (Fig. 9). Beginning at the 
south and west, the floor of the Indian Ocean rises gradually to shallow 
depths, emerging at Christmas Island. ~orth of this belt of shallow sea 
there is an extremely steep de~cent into the Java Trough, a typical fore-
deep. Off Sumatra this descent i not so steep, and the depth reached is 
shallower. ~e::d; inland is a line of mall i lands, separated by shallow 
strait , off the Sumatran coast. This line continues as a ridge, which does 
not emerge, off the coast of .Jam north of the Jaya Trough. The belt of 
strong negative gravity anomalies, discowred by Meinesz, practically 
coincides with this ridge. Between .Jam and the Java Trough these 
anomalies are large, but there is little accompanying eismicity; while in 
the continuation of the same belt, along the islands west of Sumatra, the 
negative gravity anomalie are less marked, and the seismic activity is 
intense, consisting exclusively of shallow shock . In hore from this belt 
slightly greater depths again occur before the coasts of Sumatra and Java 
are reached. This coastal belt is a region of positive gra,·ity anomalie 
and earthquakes at intermediate depth. The deepe t of the e hock oc-
cur under the volcanic belt of the two large islands. Finally, in the seas 
north of J ava there is an eaf't-west belt of shocks at Yery great depth. 
Elsewhere in the East Indies the tructural condition are more com-
plicated, which renders discussion of the meaning of gravity anomalies 
more uncertain. The belt of strong negative gravity anomalies runs 
round the Banda Sea from Timor to Ceram, and includes the few well-
located shallow shocks, while intermediate shocks are clearly interior to 
the arc. Such structures as the Weber Deep interior to the arc, and the 
line of islands through Flores and Weter, complicate the pattern to be 
interpreted. The gravity anomalies and sei micity of Celebes are still 
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harder to bring under any generalization. Between Celebes and Hal-
m:iheira a Yery strong belt of negatiYc graYity anomalies follows a small 
submarine ridge northward to the Talaud Islands; there is strong seismicity 
at shallow depth along the same line. A line of intermediate shocks 
crosses here from west to east, and there is other activity near by. 
A belt of strong negative graYity anomalies also exists in the West ln-
dies, where it is associated "ith deep troughs, Yolcanism, and seismicity. 
For the gra,·ity data and discussion see Hess (1938) and Daly (1940, p. 
285). Shocks in this region are relatiYely few, and often not well located. 
Only in the vicinity of the lesser Antille- do the phenomena simulate those 
in the East Indies and off Japan. Strong negatiYe gravity anomalies occur 
to the east, near the Barbados Ridge; while the islands themselves (ex-
cluding Barbados) are to the "·est, and are associated with volcanism, 
positiYe graYity anomalies, and at least one intermediate shock. 
The few gra,ity observations a,·ailable in the Tonga region (see Heis-
kanen, 1936; Daly, 1940, p. 255) fit in well \\ith the existence of an oceanic 
trough, Yolcanism, and shocks at all depths, to complete a pattern similar 
to that of the Sunda arc. The only other region in which available gravity 
data suggest something of the same sort is in northern India. (See Daly, 
1940, p. 224- 247.) Here there is a narrow belt in which gravity anomalies 
are strongly negatiYe, although they can be removed in large part by a 
pecial choice of isostatic reduction. This is interesting in Yiew of the 
common comparison of the Ganges depre ion to foredeeps like the Java 
Trough. The location of the gravity anomalies, and of the belt of shallow 
earthquake epicenters, is quite analogou to that found elsewhere. How-
eYer, the few intermediate earthquakes knO\rn here are a poor counterpart 
for those of the Sunda aTc (the actiYe Hindu Kush source is much farther 
\Yest); no deep shocks occur; and there is no comparable volcanic activity. 
Observations in the Atlantic Ocean ha\•e not disclosed any gravity dis-
turbances comparable with those noted above. The mid-Atlantic Ridge 
is not marked by any outstanding gravity anomalies, so far as present 
information goes. (See :\Ieinesz 1939.) Xegative anomalies arc known 
from the region of the African Rifts (see Heiskanen, 1936), and very large 
positive anomalies recently haYe been found on Cyprus (~lace and Bul-
lard, 1939). 
The unilateral grouping of oceanic troughs or foredecps, gravity anomaly 
belts, shallow and deep earthquakes, and Yolcanism is most frequently 
found on the Pacific margin, as in the type case of Japan. The outermost 
structure usually is the deep trough, ''ith earthquakes and other phe-
nomena occurring in order, successin ly farther from the Pacific basin. 
In the case of the Sunda arc, the Indian Ocean plays the part which is 
elsewhere taken by the Pacific. In the \\'est Indies and in the Southern 
Antilles, the Atlantic occupies this position. 
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The polarity of the whole series of structures in any given region can 
usually be inferred from the relatiYc position of oceanic troughs and land 
structures; where the structmal lines are curved, the troughs arc usually 
on the convex side. In the :Xew Hebrides and Solomon Islands, the po-
larity is apparently the reverse of that in most parts of the Pacific margin. 
Here the troughs are on the southwestern, or continental side, the shallow 
shocks are between these and the island chains, while intermediate shocks 
arc under the islands or beyond them toward the open Pacific, \\ith a few 
deep shocks still farther out. 
The whole complex of related structures and phenomena is plainly pro-
duced by stresses which are usually associated with the boundary of the 
Pacific, but which may locally as ume either polarity with reference to it. 
This pola1ity, or one-sidedness, excludes symmet1ically bilateral physical 
models. The not fundamentally dissimilar one-sided models of Kuenen 
(1936) and of Griggs (1939) probably can be modified to fit the facts. 
Their frequent association with earthquakes is only one type of evidence 
indicating that oceanic troughs, or foredeeps, are due to processes still ac-
tive and continuing, as is required by the mechanical models. This is 
important since it is sometimes suggested that persistence of these struc-
tures, together with large negative gravity anomalies, implies great 
trength of the crust and the underlying material, or a relatively high 
viscosity (in excess of 1023) . Otherwise, it is argued, the troughs in ques-
tion would have only a very short term of existence on the geological time-
cale. On this basis the crust should adjust itself only very slowly to 
inequalities of stress; this conflicts with the usual interpretation of the 
post-glacial uplift in Fennoscandia and Canada, which calls for a relatively 
rapid return toward isostatic conditions with removal of the glacial burden. 
Apparently it would then be nece. ary to seek some other explanation of 
this uplift, and calculations of the viscosity of the crust based on the rate 
of uplift ,,·ould be invalidated. This type of argument ignores the possi-
bility that stresses, such as may be associated with subcrustal convection, 
are regularly at work maintaining the crust in its deformed state. In such 
a model it must be noted that deep-focus earthquakes should be expected 
to occur not at the level of maximum flow, but at that of maximum tress 
associated with the flow. 
l\fany authors have correlated deep and shallow earthquakes with 
oceanic troughs and deeps. This is a general correlation like that with 
volcanic activity; it applies to smalJ-scale map-, but requires modification 
in detail. Epicenters usually do not fall in the deep troughs themselves, 
but on their marginal slopes or along the crests of adjacent submarine 
ridges. Frequently, as occurs south of Sumatra and Java, the ridge 
adjacent to the deep is not seismically active, but becomes active in 
another part of its course where the adjacent depths are less marked. 
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However, most of the greater deeps are in regions where sei micity is at 
least moderately high. This of course applies to the true stmctural 
troughs, and not to the irregular areas of great depth which occur in the 
oceanic basins, particularly in the Pacific. On the other hand, earthquakes 
occur in many oceanic regions, as in the Atlantic and Indian oceans, where 
there are no associated deeps; the seismic belts then follow the ridges. 
Structures of somewhat different character , usually associated with 
seismicity, are the great elongated depressions in the interior of some of 
the continents. Examples are the great African lakes, :.l'yasa and Tan-
ganyika, and in Asia, Lake Baikal, the Turfan basin, and the Jordan Val-
ley. The mechanism which has created and maintained rift depressions 
of this kind probably differs from that assumed for the oceanic troughs. 
MECHANISM 
In discussing dynamical implications of the present seismicity of the 
world, it must not be forgotten that contemporary earthquakes indicate 
only the fractures, stresses, and displacements now in action. These may 
well differ, and in some cases they certainly do differ markedly, from tho e 
associated with the formation of even late Pleistocene structures. A few 
tens of thousands of years is ample time for extensive and significant 
changes in the local distribution of stress. Thus, the fact that the present 
seismicity of Europe is not mechanically connected with the Alpine folding 
has been emphasized by Sieberg (1932a), who attributes contemporary 
shocks to fractures produced in the rigid Alpine mass after the conclusion 
of folding. However, his ingenious localization of these fractures on the 
basis of the very limited earthquake data has not found general acceptance. 
Except for comparatively superficial volcanic shocks, earthquakes repre-
sent a process of fracturing involving shear. Present evidence indicates 
that this is as true of deep shocks as of shallow shocks. Consequently, in 
dynamic interpretations of earthquakes the mantle of the earth must be 
considered capable of first supporting large shearing stresses, and then 
fracturing as these become still larger; this must be true, at least locally, 
down to the depths near 700 km., the lower limit of deep-focus shocks as 
now known. This is not inconsistent with the plastic flow required to 
maintain isostasy, as all eYidence indicates that the material of the mantle 
flows slowly under long-continued and constant stress, with a more or less 
incidental accompaniment of sudden fracturing. (See Gutenberg and 
Richter, 1939b.) 
Division of the earth's surface into comparatively rigid blocks has an 
important bearing on tectonic hypotheses. It calls especially for inter-
pretation in connection with any of the forms of the theory of continental 
drift. Undoubtedly these blocks have not always had exactly their pres-
ent size and shape, and they may have greatly changed their relative po-
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sitions. At present we know that in certain regions, as in California, large-
scale horizontal displacements continue in the same sense over the whole 
region, and apparently have operated in the same or a similar way through 
most of Recent time. Comparison with the direction of similar horizon-
tal displacements on the opposite side of the Pacific, as in the Philippines 
('i\'illis, 1939b) and Japan (Tsuboi, 1939), indicates that the continental 
ma ses on both sides are being pushed southward relative to the Pacific 
basin. Many more observations are needed before this can be accepted 
as an established fact of extended application. There is both seismological 
and geological evidence in other part of the world that displacement is 
occurring continuously in the same direction. 
A result not anticipated by the \\Titers is the frequent close coincidence 
of the active zones, which are found to separate the stable blocks, with the 
"orogens" of Kober (1933). As he points out, these zones are chiefly 
mountainous in character; the ridges in the various oceans are submarine 
mountain chains. The agreement with Kober's zones is not necessarily a 
confirmation of his interpretation of these contemporary stmctures in 
terms of geological history, or of his ideas about the processes now taking 
place. The agreement chiefly applies only to the larger lines, and fre-
quently is very divergent in the smaller details. Moreover, Kober does 
not discriminate the Pacific stable area from the structurally different 
continental blocks; and he draws "orogens" subdividing the Pacific area, 
which are unconfirmed by this study and frequently conflict with it con-
clu ions. 
Problems of interpretation are e pecially acute with reference to the 
existence and seismicity of the ::.\lid-Atlantic Ridge. I ts parallelism with 
the continental coasts is so clo e that it practically demonstrates a me-
chanical connection with them. However, it is still possible to consider 
the Ridge either as a remnant left over from a former connection between 
America and the Old World, or as a young structure originating at the 
contact between rigid blocks. (For a summary with references, see Du 
Toit, 1937, Chapter X.) It can h!lrdly be a young structure in the sense 
in which the very actiYe zones of the East Indies and other similar regions 
are young, for it lacks many of the associated phenomena found in such 
regions, which have been taken a e\·idence for the contemporary occur-
rence of subcrustal flow. Thus there are no parallel deep troughs, and 
no belts of negative gravity anomalies; the gravity anomalies over the ::.\1id-
Atlantic Ridge are slightly positive (::.\Ieinesz, 1939). Intermediate and 
deep shocks are absent, which indicates that there are no large stresses at 
great depth. Present seismicity and volcanism do not necessarily imply 
that the processes which created the Ridge are now in action. The Ridge 
may represent an orogeny of Tertiary age, in which the folding has at 
least temporarily ceased, and the now practically rigid structures are being 
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broken up by diastrophic processes, along faults which are either of recent 
origin or recently rejm·enated. For a discussion from the geological 
point of view see Bucher (19-10). 
The foregoing discussion is necessarily speculative, and is intended 
merely as a guide in using the seismological data. In the major part of 
the paper, which concludes with the Geographical Summary, care has been 
taken to present facts of observation, with only the minimum of hypothesis 
necessary to organize them into an intelligible form. The sections following 
thereafter necessarily include gradually increasing proportions of hypo-
thetical material. With the uggestions just brought forward it is felt 
that a foundation for geological and geophysical interpretation has been 
provided. 
GENERAL SU~!J\<IARY 
The relative seismicity of all parts of the earth, for a limited period, is 
discussed with maps. The data are chiefly in trumental. The paper 
deals mainly with shallow shocks, but new data on deep-focus shocks a.re 
included. 
A revised table is giYen fo:ting 54 great shocki;; from 1904 to 1939. All 
large shocks from 1926 to 1933 are listed, and epicenters are given for many 
others. 
The earth's surface consists of relatively inactive blocks separated by 
active zones of three groups: 
(1) The circum-Pacific zone includes a large majority of shallow shocks, 
a still larger fraction of shock at intermediate depth, and all the very deep 
shocks. For shallow shock the most active regions are Japan, the Aleu-
tian arc, western ~Iexico, '.\Ielane!'lia, and the Philippines. In Japan the 
zone divides into an East Indian and a Polynesian branch, the latter follow-
ing the a.nde ite line. Three loops surround outlying areas of probably 
Pacific structure: the Caribbean loop, the loop of Suess's Southern .An-
.tilles (including South Georgia and the South Sand";ch Islands), and a 
newly identified loop southwest of ::\ew Zealand, here called the Macquarie 
Island loop. A branch pasRcs near the Galapagos group and follow the 
Easter Island Ridge, along a zone of suspected continental structw·e. 
(2) The i\lediterranean and trans-Asiatic zone includes the remainder 
of the large shallow shock~ and of the intermediate shocks. The epicen-
ters fall along structural trend lines. 
(3) ::\arrow belts of shallow shocks extend (a) through the Arctic and 
Atlantic Oceans, following the :\lid-Atlantic Ridge; (b) through the west-
ern Indian Ocean from Arabia into the Antarctic, probably connecting 
";th the South Antillean loop ; and (c) a similar but less active belt follow-
ing the African rift valleys. 
The Pacific basin (except in the Hawaiian Islands) and the continental 
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nuclear shield are nearly inactiYe. Between the table shields and the 
acfo·e belt!" are areas of minor to moderate acti,-ity, with occasional large 
shocks. 
Small shock. apparently occur enrywhere. The relation of minor ac-
tiYity to the larger shocks is discussed, using . outhern California as an 
example. 
The annual aYerage includes about one great shock, about 100 po-
tentially destructiYe shocks, and about one million shocks potentially 
strong enough to be felt in a settled area. Seismic energy is released at a 
mean rate of about 107 kilowatts; most of this is in the large shocks. 
There is regular association, ";th notable regional exceptions, of earth-
quakes at Yarious depths ";tb Yolcanoes, gravity anomalies, and oceanic 
troughs or foredeeps. The senral phenomena are frequently found in 
successiYe adjoining belts in a particular unilateral order. The persistance 
of oceanic troughs and gravity anomalies, together with the occurrence of 
earthquakes, requires that in these regions there i a continuously operating 
mechanism, such as \vould be prO\;ded by constant subcrustal flow. 
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